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RNA n^ERFERENCE FOR THE TREATMENT OF 
GAIN-OF-FUNCTION DISORDERS 

Related Applications 

5 This patent application claims the benefit of U.S. Provisional Patent Application 

Serial No. 60/502,678, entitled "RNA Interference for the Treatment of Gain-of- 
Function Disorders", filed September 12, 2003. The entire contents of the above- 
referenced provisional patent applications are incorporated herein by this reference. 

10 Background of the Invention 

RNA interference (RNAi) is the mechanism of sequence-specific, post- 
transcriptional gene silencing initiated by double-stranded KNAs (dsRNA) homologous 
to the gene being suppressed. dsRNAs are processed by Dicer, a cellular ribonuclease 
III, to generate duplexes of about 21 nt with 3'-overhangs (small interfering RNA, 

15 siRNA) which mediate sequence-specific mRNA degradation. In mammalian cells 
siRNA molecules are capable of specifically silencing gene expression without 
induction of the unspecific interferon response pathway. Thus, siRNAs have become a 
new and powerfiil altemative to otihier genetic tools such as antisense oligonucleotides 
and ribo2ymes to analyze gene fimction. Moreover, siRNA's are being developed for 

20 therapeutic piuposes with the aim of silencing disease genes in humans. 

TridUcleotide repeat diseases comprise a recently recognized group of inherited 
disorders. The common genetic mutation is an increase in a series of a particular 
trinucleotide repeat. To date, the most firequent trinucleotide repeat is CAG, which 
codes for the amino acid glutamine. At least 9 CAG repeat diseases are known and there , 

25 are more than 20 varieties of these diseases, including Hxmtington's disease, Kennedy's 
disease and many spinocerebellar diseases. These disorders share a neurodegenerative 
component in the brain and/or spinal cord. Each disease has a specific pattern of 
neurodegeneration in the brain and most have an autosomal dominant inheritance. 
The onset of the diseases generally occurs at 30 to 40 years of age, but in 

30 . Himtington's disease CAG repeats in the huntingtin gene of >60 portend a juvenile 
onset. 

Recent research by the instant hxventors has shown that the genetic mutation 
(increase in length of CAG repeats from normal <36 in the huntingtin gene to >36 in 
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disease) is associated with the synthesis of a mutant huntingtin protein, which has >36 
polyglutamines (Aronin et al., 1995). It has also been shown that the protein forms 
cytoplasmic aggregates and nuclear inclusions (Difiglia et al., 1997) and associates with 
vesicles (Aronin et al., 1999). The precise pathogenic pathways are not known. 
5 Huntington's disease (and by implication other trinucleotide repeat diseases) is 

beheved to be caused, at least in part, by aberrant protein interactions, which cause 
impairment of critical neuronal processes, neuronal dysfunction and ultimately neuronal 
death (neurodegeneration in brain areas called the striatum and cortex). In the search for 
an effective treatment for these diseases, researchers in this field emphasized 
10 understanding the pathogenesis of the disease and initially sought to intercede at the 
level of the presumed aberrant protein interactions. However, there is no effective 
treatment for Huntington's disease or other trinucleotide repeat diseases. Moreover, it is 
now appreciated that multiple abnormal processes might be active in these types of 
disease. 

15 

Summary of the Invention 

The present invention relates to the methods for treating a variety of gain-of- 
function diseases. In particular, the invention provides methods for the selective 
destruction of mutant mRNAs transcribed firom gain-of-fiinction mutant genes, thus 

20 preventing production of the mutant proteins encoded by such genes. Other RNAi-based 
methods for destroying mutant genes have been proposed in which siRNAs are targeted 
to, for example, a point mutation occurring in a single allele in the mutant gene (e.g., the 
point mutation in the superoxide dismutase (SOD) gene associated with amyotrophic 
lateral sclerosis (ALS)). However, there is a key difference between ALS and 

25 trinucleotide repeat diseases, such as Huntington's disease. ALS has a point mutation in 
one allele as the genetic change whereas trinucleotide repeat diseases have an expanded 
CAG repeat region in one allele as the genetic change. Use of RNAi against the 
expanded CAG repeat region has potential complications. Over 80 normal genes with 
CAG repeat regions are known to exist in cells. Thus, siRNAs targeting these CAG 

30 repeats cannot be used without risking widespread destruction of normal CAG repeat- 
containing mRNAs. Likewise, targeting non-allele-specific sites would result in loss of 
both normal and mutant huntingtin causes neuronal dysfunction. 



-2- 



wo 2005/027980 



PCTAJS2004/029968 



The methods of the invention utilize RNA interference technology (RNAi) 
against selected polymorphic regions (i.e., regions containing allele-specific or allelic 
polymoiphisms) which are distinct from the site of mutation in the genes encoding 
mutant proteins. The methodologies of the instant invention are eflFective treatments for 
5 gain-of-fimction diseases resulting from deletion mutations, insertion mutations, point 
mutations, and the like, provided that the mutant gene encodes a protein having a 
function not normally associated with wild type protein. 

In a preferred aspect, the methodologies of the instant invention provide an 
effective treatment for Huntington's disease (HD). The methodologies also provide 

1 0 effective treatments for other polyglutandne disorders and/or trinucleotide repeat 
disease, as described in detail herein. 

Accordingly, in one aspect, the present invention provides a method of treating a 
subject having or at risk of having a disease characterized or caused by a gain of 
function mutant protein by administering to the subject an effective amoimt of an RNAi 

15 agent targeting an allelic polymorphism within a gene encoding a mutant protein e.g.,) 
huntingtin protein, such that sequence-specific interference of a gene occurs resulting in 
an effective treatment for the disease. In one embodiment, the mutant protein contains an 
expanded polyglutamine region. In another one embodiment, the gene encoding the 
mutant protein contains an expanded trinucleotide repeat region. 

20 In a yet another embodiment, the method of the invention can be used to treat 

Himtington's disease and a variety of other diseases selected from the group consisting 
of spino-cerebellar ataxia type 1, spino-cerebellar ataxia type 2, spino-cerebellar ataxia 
type 3, spino-cerebellar ataxia type 6, spino-cerebellar ataxia type 7, spino-cerebellar 
ataxia type 8, spino-cerebellar ataxia type 12, myotonic dystrophy, spinal bulbar 

25 muscular disease and dentatoiubral-pallidoluysian atrophy. 

The method of the invention uses RNAi agents homologous to an allelic 
polymorphism within the gene encoding, for example, a mutant himtingtin protein for 
the treatment of Huntington's disease. In a preferred embodiment, the RNAi agent 
targets allelic polymorphism selected from the group consisting of P1-P5. In a further 
30 preferred embodiment, the RNAi agent targets an allelic polymorphism selected from 
the group consisting of P6-P43 . 
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In a further embodiment, the invention provides RNAi agents comprising of a 
first and second strand each containing 1 6-25 nucleotides. The first strand of the present 
invention is homologous to a region of a gene encoding a gain^-of-function mutant 
protein, wherein the nucleotide sequence of the gain-of-fimction mutant protein 

5 comprises an allelic polymorphism. The second strand includes 16-25 nucleotides 
complementary to the first strand. The RNAi agent can also have a loop portion 
comprising 4-11, e.g., 4, 5, 6, 7, 8, 9, 10, 11, nucleotides that connects the two 
nucleotides sequences. In still other embodiments, the target region of the mRNA 
sequence is located in a 5' imtranslated region (UTR) or a 3* UTR of the mRNA of a 

10 mutant protein. 

In another embodiment, the invention provides an expression construct 
comprising an isolated nucleic acid that encodes a nucleic acid molecule with a first 
sequence of 16-25 nucleotides homologous to an allelic polymorphism within, for 
example, the gene encoding a mutant huntingtin protein. The expression construct can 
15 be for example, a viral vector, retroviral vector, expression cassette or plasmid. The 
expression construct can also have an RNA polymerase II promoter sequence or RNA 
Polymerase II promoter sequence, such as, U6 snRNA promoter of HI promoter. 

In yet other embodiments, the present invention provides host cells e.g.,) 
mammaUan cells) comprising nucleic acid molecules and expression constructs of the 
20 present invention. 

In still other embodiments, the present invention provides therapeutic 
compositions comprising the nucleic acid molecules of the invention and a 
pharmaceutically acceptable carrier. 

Other features and advantages of the invention will be apparent iBrom the 
25 following detailed description and claims. 

Brief Description of the Drawings 

Figure la-k: Human huntingtin gene, nucleotide sequence (SEQ ID NO: 1) 
Figure 2a-b: Human huntingtin protein, andno acid sequence (SEQ ID N0:2) 
30 Figure 3: Sense (SEQ ID NO: 3) and antisense (SEQ ID NO: 4) of the 

huntingtin (htt) target RNA sequence 
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Figure 4: Thermodynamic analysis of siRNA strand 5' ends for the siKNA. 
duplex 

Figure 5a-c: In vitro RNAi reactions programmed with siRNA targeting a 
polymorphism within the huntingtin (htt) mRNA. (a) Standard siRNA. (b) 
5 siRNA improved by reducing the base-pairing strength of the 5 ' end of the anti- 

sense strand of the siRNA duplex, (c) siRNA improved by reducing the 
unpairing the 5' end of the anti-sense strand of the siRNA duplex. 
Figure 6a-b. RNAi of endogenous Htt protein in HeLa cells, (a) Lnmunoblotof 
human Htt protein, (b) Quantification of same. 

10 

Detailed Description of the Invention 

The present invention relates to methods and reagents for treating a variety of 
gain-of-ftmction diseases. In one aspect, the invention relates to methods and reagents 
for treating a variety of diseases characterized by a mutation in one allele or copy of a 

15 gene, the mutation encoding a protein which is sufficient to contribute to or cause the 
disease. Preferably, the methods and reagents are used to treat diseases caused or 
characterized by a mutation that is inherited in an autosomal dominant fashion. In one 
embodiment, the methods and reagents are used for treating a variety of 
neurodegenerative disease caused by a gain-of-fimction mutation, e.g., polyglutamine 

20 disorders and/or trinucleotide repeat diseases, for example, Huntington's disease. In 
another embodiment, the methods and reagents are used for treating diseases caused by a 
gain-of-fimction in an oncogene, the mutated gene product being a gain-of-fimction 
mutant, e.g., cancers caused by a mutation in the ret oncogene (e.g., ref-i), for example, 
endocrine tumors, medullary thyroid tumors, paratiiyroid hormone tumors, multiple 

25 endocrine neoplasia type2, and the like. In another embodiment, the methods and 

reagents of the invention can be used to treat a variety of gastromtestinal cancers known 
to be caused by an autosomally-inherited, gain-of-fimction mutations. 

The present invention utilizes RNA interference technology (RNAi) against 
allelic polymorphisms located within a gene encoding a gain-of-fimction mutant protein. 

30 RNAi destroys the corresponding mutant mRNA with nucleotide specificity and 

selectivity. RNA agents of the present invention are targeted to polymorphic regions of 
a mutant gene, resulting in cleavage of mutant mRNA. These RNA agents, through a 
series of protein-nucleotide interactions, fimction to cleave the mutant mRNAs. Cells 
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destroy the cleaved mRNA, thus preventing synthesis of corresponding mutant protein 
e.g., the hxintingtin protein. 

Accordingly, in one aspect, the present invention provides a method of treating a 
subject having or at risk of having a disease characterized or caused by a gain of 

S function mutant protein by administering to the subject an effective amount of an RNAi 
agent targeting an allelic polymorphism within a gene encoding a mutant protein e.g.,) 
huntingtin protein, such that sequence-specific interference of a gene occurs resulting in 
an effective treatment for the disease. In one embodiment, the mutant protein contains an 
expanded polyglutamine region. In another one embodiment, the gene encoding the 

10 mutant protein contains an expanded trinucleotide repeat region. 

In a yet another embodiment, the method of the invention can be used to treat 
Huntington's disease and a variety of other diseases selected from the group consisting 
of spino-cerebellar ataxia type 1, spino-cerebellar ataxia type 2, spino-cerebellar ataxia 
type 3, spino-cerebellar ataxia type 6, spino-cerebellar ataxia type 7, spino-cerebellar 

15 ataxia type 8, spino-cerebellar ataxia type 12, myotonic dystrophy, spinal bulbar 
muscular disease and dentatoiubral-pallidoluysian atrophy. 

The method of the invention uses RNAi agents homologous to an allelic 
polymorphism within the gene encoding, for example, a mutant huntingtin protein for 
the treatment of Huntington's disease. In a preferred embodiment, the RNAi agent 
20 targets allelic polymorphism selected from the group consisting of P1-P5. In a further 
preferred embodiment, the RNAi agent targets an allelic polymorphism selected from 
the group consisting of P6-P43. 

In a further embodiment, the invention provides RNAi agents comprising of a 
first and second strand each containing 16-25 nucleotides. The fiist strand of the present 

25 invention is homologous to a region of a gene encoding a gain-of-fimction mutant 
protein, wherein the nucleotide sequence of the gain-of-function mutant protein 
comprises an allelic polymorphism. The second strand includes 16-25 nucleotides 
complementary to the first strand. The RNAi agent can also have a loop portion 
comprising 4-11, e.g., 4, 5, 6, 7, 8, 9, 10, 11, nucleotides that connect the two nucleotides 

30 sequences. In still other embodiments, the target region of the mRNA sequence is 

located in a 5' untranslated region (UTR) or a 3* UTR of the mRNA of a mutant protein. 
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In another embodiment, the invention provides an expression construct 
comprising an isolated nucleic acid that encodes a nucleic acid molecule with a first 
sequence of 16-25 nucleotides homologous to an allelic polymorphism within, for 
example, the gene encoding a mutant huntingtin protein. The expression construct can 
5 be for example, a viral vector, retroviral vector, expression cassette or plasmid. The 
expression construct can also have an RNA polymerase 11 promoter sequence or RN A 
Polymerase II promoter sequence, such as, U6 snRNA promoter of HI promoter. 

In yet other embodiments, the present invention provides host cells e.g.,) 
mammalian cells) comprising nucleic acid molecules and expression constructs of the 
1 0 present invention. 

In still other embodiments, the present invention provides therapeutic 
compositions comprising the nucleic acid molecules of the invention and a 
pharmaceutically acceptable carrier. 

So that the invention may be more readily xmderstood, certain terms are first 
15 defined. 

The term "nucleoside" refers to a molecule having a purine or pyrimidine base 
covalently linked to a ribose or deoxyribose sugar. Exemplary nucleosides include 
adenosine, guanosine, cytidine, uridine and thymidine. Additional exemplary 

20 nucleosides include inosine, 1 -methyl inosine, pseudouridine, 5,6-dihydrouridine, 

ribothymidine, ^N-methylguanosine and ^"^NjN-dimethylguanosine (also referred to as 
"rare" nucleosides). The term "nucleotide" refers to a nucleoside having one or more 
phosphate groups joined in ester linkages to the sugar moiety. Exemplary nucleotides 
include nucleoside monophosphates, diphosphates and triphosphates. The terms 

25 "polynucleotide" and "nucleic acid molecule" are used interchangeably herem and refer 
to a polymer of nucleotides joined together by a phosphodiester linkage between 5' and 
3' carbon atoms. 

The term "RNA" or "RNA molecule" or "ribonucleic acid molecule" refers to a 
polymer of ribonucleotides. The tenn "DNA" or "DNA molecule" or deoxyribonucleic 
30 acid molecule" refers to a polymer of deoxyribonucleotides. DNA and RNA can be 
synthesized naturally (e.g., by DNA replication or transcription of DNA, respectively). 
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RNA can be post-transcriptionally modified. DNA and KNA can also be chemically 
synthesized. DNA and RNA can be single-stranded (Le., ssRNA and ssDNA, 
respectively) or multi-stranded (e,g., double stranded, dsKNA and dsDNA, 
respectively). "mRNA" or "messenger RNA" is single-stranded RNA that specifies the 
S amino acid sequence of one or more polypeptide chains. This information is translated 
during protein synthesis when ribosomes bind to the mRNA. 

As used herein, the term "small interfering RNA" ("siRNA") (also referred to in 
the art as "short int«iering RNAs") refers to an RNA (or RNA analog) comprising 
between about 10-50 nucleotides (or nucleotide analogs) which is capable of directing or 

10 mediating RNA interference. Preferably, a siRNA comprises between about 15-30 

nucleotides or nucleotide analogs, more preferably between about 16-25 nucleotides (or 
nucleotide analogs), even more preferably between about 18-23 nucleotides (or 
nucleotide analogs), and even more preferably between about 19-22 nucleotides (or 
nucleotide analogs) (e.g., 19, 20, 21 or 22 nucleotides or nucleotide analogs). The term 

15 "short" siRNA refers to a siRNA comprising -21 nucleotides (or nucleotide analogs), 
for example, 19, 20, 21 or 22 nucleotides. The term "long" siRNA refers to a siRNA 
comprising --24-25 nucleotides, for example, 23, 24, 25 or 26 nucleotides. Short 
siRNAs may, in some instances, include fewer than 19 nucleotides, e.g., 16, 17 or 18 
nucleotides, provided that the shorter siRNA retains the ability to mediate RNAi. 

20 Likewise, long siRNAs may, in some instances, include more than 26 nucleotides, 
provided that the longer siRNA retains the ability to mediate RNAi absent further 
processing, e.g., enzymatic processing, to a short siRNA. 

The term "nucleotide analog" or "altered nucleotide" or "modified nucleotide" 
refers to a non-standard nucleotide, including non-naturally occurring ribonucleotides or 

25 deoxyribonucleotides. Preferred nucleotide analogs are modified at any position so as to 
alter certain chemical properties of the nucleotide yet retain the ability of the nucleotide 
analog to perform its intended fimction. Examples of positions of the nucleotide which 
maybe derivitized include the 5 position, e.g., 5-(2-amino)propyl uridine, 5-bromo 
uridine, 5-propyne xnidine, 5-propenyl uridine, etc.; the 6 position, e.g., 6-(2- 

30 amino)propyl uridine; the 8-position for adenosine and/or guanosines, e.g., 8-bromo 
guanosine, 8-chloro guanosine, 8-fluoroguanosine, etc. Nucleotide analogs also include 
deaza nucleotides, e.g., 7-deaza-adenosine; O- and N-modified (e.g., alkylated, e.g., N6- 
methyl adenosine, or as otherwise known m the art) nucleotides; and other 
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heterocyclically modified nucleotide analogs such as those described in Herdewijn, 
Antisense Nucleic Acid Drug Dev., 2000 Aug. 10(4):297-310. 

Nucleotide analogs may also comprise modifications to the sugar portion of the 
nucleotides. For example the 2' OH-group may be replaced by a group selected from H, 

5 OR, R, F, CI, Br, I, SH, SR, NH2, NHR, NR2. COOR, or OR, wherein R is substituted or 
unsubstituted Ci -Cs alkyl, alkenyl, alkynyl, aryl, etc. Other possible modifications 
include those described m U.S. Patent Nos. 5,858,988, and 6,291,438. 

The phosphate group of the nucleotide may also be modified, e.g., by 
substituting one or more of the oxygetis of the phosphate group with sulfiir (e.g., 

10 phosphorothioates), or by making other substitutions which allow the nucleotide to 
perform its intended function such as described in, for example, Eckstein, Antisense 
Nucleic Acid Drug Dev. 2000 Apr. 1 0(2): 1 17-21, Rusckowski et al. Antisense Nucleic 
Acid Drug Dev. 2000 Oct. 10(5):333-45, Stein, Antisense Nucleic Acid Drug Dev. 2001 
Oct. 11(5): 317-25, Vorobjev et al. .Antisense Nucleic Acid Drug Dev. 2001 Apr. 

15 1 1(2):77-85, and U.S. Patent No. 5,684,143. Certain of the above-referenced 

modifications (e.g., phosphate group modifications) preferably decrease the rate of 
hydrolysis of, for example, polsaiucleotides comprising said analogs in vivo or in vitro. 

The term "oligonucleotide" refers to a short polymer of nucleotides and/or 
nucleotide analogs. The term "RNA analog" refers to an polynucleotide (e.g., a 

20 chemically synthesized polynucleotide) having at least one altered or modified 

nucleotide as compared to a corresponding unaltered or unmodified RNA but retaining 
the same or similar nature or fimction as the corresponding unaltered or unmodified 
RNA. As discussed above, the oUgonucleotides may be linked with linkages which 
result in a lower rate of hydrolysis of the RNA analog as compared to an RNA molecule 

25 with phosphodiester Imkages. For example, die nucleotides of the analog may comprise 
methylenediol, ethylene diol, oxymethylthio, oxyethylthio, oxycarbonyloxy, 
phosphorodiamidate, phophoroamidate, and/or phosphorothioate linkages. Preferred 
RNA analogues include sugar- and/or backbone-modified ribonucleotides and/or 
deoxyribonucleotides. Such alterations or modifications can fiirther include addition.of 

30 non-nucleotide material, such as to the end(s) of the RNA or internally (at one or more 
nucleotides of the RNA). An RNA analog need only be sufficientiy similar to natural 
RNA that it has die ability to mediate (mediates) RNA interference. 
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As used herein, the tenn "RNA interference" ("RNAi'') refers to a selective 
intracellular degradation of KNA. KNAi occurs in cells naturally to remove foreign 
RNAs (e.g., viral RNAs). Natural RNAi proceeds via fragments cleaved from free 
dsRNA which direct the degradative mechanism to other similar RNA sequences. 

5 Alternatively, RNAi can be initiated by the hand of man, for example, to silence the 
expression of target genes. 

An RNAi agent having a strand which is "sequence suflBciently complementary 
to a target mRNA sequence to direct target-specific RNA interference (RNAi)" means 
that the strand has a sequence sufficient to trigger the destruction of the target mRNA by 

1 0 the RNAi machinery or process. 

As used herein, the term "isolated RNA" (e.g., "isolated siRNA" or "isolated 
siRNA precursor") refers to RNA molecules which are substantially free of other 
cellular material, or culture medium when produced by recombinant techniques, or 
substantially free of chemical precursors or other chemicals when chemically 

15 synthesized. 

The term "in vitro" has its art recognized meaning, e.g., involving purified 
regents or extracts, e.g., cell extracts. The term "in vivo" also has its art recognized 
meaning, e.g., involving living cells, e.g., immortalized cells, primary cells, cell lines, 
and/or cells in an organism. 

20 As used herein, the term "transgene" refers to any nucleic acid molecule, which 

is inserted by artifice mto a cell, and becomes part of the genome of the organism that 
develops from the cell. Such a transgene may include a gene that is partly or entirely 
heterologous (z,e„ foreign) to the transgenic organism, or may represent a gene 
homologous to an endogenous gene of the organism. The term "transgene" also means a 

25 nucleic acid molecule that includes one or more selected nucleic acid sequences, e.g., 
DNAs, that encode one or more engineered RNA precursors, to be expressed in a 
transgenic organism, e.g., animal, which is partly or entirely heterologous, /.e., foreign, 
to the transgenic ammal, or homologous to an endogenous gene of the transgenic animal, 
but which is designed to be inserted iuto the animaVs genome at a location which differs 

30 from that of the natural gene. A transgene includes one or more promoters and any other 
DNA, such as introns, necessary for expression of the selected nucleic acid sequence, all 
operably linked to the selected sequence, and may include an enhancer sequence. 
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A gene "involved" in a disease or disorder includes a gene, the normal or 
aberrant expression or function of which effects or causes the disease or disorder or at 
least one symptom of said disease or disorder 

The term "gain-of-ftmction mutation" as used herein, refers to any mutation in a 

S gene in which the protein encoded by said gene (/. e,, the mutant protein) acquires a 
fimction not nonnally associated with the protein the wild type protein) causes or 
contributes to a disease or disorder. The gain-of-fimction mutation can be a deletion, 
addition, or substitution of a nucleotide or nucleotides in the gene which gives rise to the 
change in the function of the encoded protein. In one embodiment, the gain-of-fimction 

10 mutation changes the function of the mutant protein or causes intemctions v^th other 
proteins. In another embodiment, the gain-of-fimction mutation causes a decrease in or 
removal of normal wild-type protein, for example, by interaction of the altered, mutant 
protein with said normal, wild-type protein. 

The term "polymorphism" as used herein, refers to a variation (e.g., a deletion, 

15 insertion, or substitution) in a gene sequence that is identified or detected when the same 
gene sequence from dijBferent sources subjects (but from the same organism) are 
compared. For example, a polymorphism can be identified when the same gene 
sequence from different subjects (but from the same organism) are compared. 
Identification of such polymorphisms is routine in the art, the methodologies being 

20 similar to those used to detect, for example, breast cancer point mutations. Identification 
can be made, for example, from DNA extracted from a subject's lymphocytes, followed 
by amplification of polymorphic regions using specific primers to said polymorphic 
region. Alternatively, the polymorphism can be identified when two alleles of the same 
gene are compared. A variation in sequence between two alleles of the same gene 

25 within an organism is referred to herein as an "allelic polymorphism". The 

polymorphism can be at a nucleotide within a coding region but, due to the degeneracy 
of the genetic code, no change in amino add sequence is encoded. Alternatively, 
polymorphic sequences can encode a different anoino acid at a particular position, but 
the change in the amino acid does not affect protein function. Polymorphic regions can 

30 also be found in non-encoding regions of the gene. 

The term "polyglutamine domain," as used herein, refers to a segment or domain 
. of a protein that consist of a consecutive glutamine residues linked to peptide bonds. In 
one embodiment the consecutive region includes at least 5 glutamine residues. 
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The tenn "expanded polyglutamine domain" or "expanded polyglutamine 
segment", as used herein, refers to a segment or domain of a protein that includes at least 
35 consecutive glutamine residues linked by peptide bonds. Such expanded segments are 
found in subjects afflicted with a polyglutamine disorder, as described herein, whether 
5 or not the subject has shown to manifest symptoms. 

The term "trinucleotide repeat" or "trinucleotide repeat region" as used herein, 
refers to a segment of a nucleic acid sequence e.g.,) that consists of consecutive repeats 
of a particular trinucleotide sequence. In one embodiment, the trinucleotide repeat 
includes at least 5 consecutive trinucleotide sequences. Exemplary trinucleotide 

10 sequences include, but are not limited to, CAG, CGG, GCC, GAA, CTG, and/or CGG. 

The term "trinucleotide repeat diseases" as used herein, refers to any disease or 
disorder characterized by an expanded trinucleotide repeat region located within a gene, 
the expanded trinucleotide repeat region being causative of the disease or disorder. 
Examples of trinucleotide repeat diseases include, but are not limited to spino-cerebellar 

15 ataxia type 12 spino-cerebellar ataxia type 8, fragile X syndrome, fragile XE Mental 
Retardation, Friedreich's ataxia and myotonic dystrophy. Preferred trinucleotide repeat 
diseases for treatment according to the present invention are those characterized or 
caused by an expanded trinucleotide repeat region at the 5' end of the coding region of a 
gene, the gene encoding a mutant protein which causes or is causative of the disease or 

20 disorder. Certain trinucleotide diseases, for example, fragile X syndrome, where the 
mutation is not associated with a coding region may not be suitable for treatment 
according to the methodologies of the present invention, as there is no suitable mKNA to 
be targeted by RNAi. By contrast, disease such as Friedreich's ataxia may be suitable 
for treatment according to the methodologies of the invention because^ although the 

25 causative mutation is not within a coding region (i. e. , lies within an intron), the mutation 
may be within, for example, an inRNA precursor (e.g., a pre-spliced mRNA precursor). 

The term "polyglutamine disorder" as used herein, refers to any disease or 
disorder characterized by an expanded of a (CAG)n repeats at the 5* end of the coding 
region (thus encoding an expanded polyglutamine region in flie encoded protein). In one 

30 embodiment, polyglutamine disorders are characterized by a progressive degeneration of 
nerve cells. Examples of polyglutamine disorders include but are not limited to: 
Huntington's disease, spino-cerebellar ataxia type 1 , spmo-cerebellar ataxia type 2, 
spino-cerebellar ataxia type 3 (also know as Machado- Joseph disease), and spino- 
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cerebellar ataxia type 6, spino-cerebellar ataxia type 7 and deatatoiubral-pallidoluysian 
atrophy. 

The phrase "examining the function of a gene in a cell or organism'' refers to 
examining or studying the expression, activity, function or phenotype arising therefrom. 
5 Varipxis methodologies of the instant invention include step that involves 

comparing a value, level, feature, characteristic, property, etc. to a "suitable control", 
referred to interchangeably herein as an "appropriate control". A "suitable control" or 
"appropriate control" is any control or standard familiar to one of ordinary skill in the art 
useful for comparison purposes. In one embodiment, a "suitable control" or 

10 "appropriate control" is a value, level, feature, characteristic, property, etc. determined 
prior to performing an RNAi methodology, as described herein. For example, a 
transcription rate, mRNA level, translation rate, protein level, biological activity, cellular 
characteristic or property, genotype, phenotype, etc. can be determined prior to 
introducing an RNAi agent of the invention into a cell or organism. In another 

15 embodiment, a "suitable control" or "appropriate control" is a value, level, feature, 
characteristic, property, etc. determined in a cell or organism, e.g., a control or normal 
cell or organism, exhibiting, for example, normal traits. In yet another embodiment, a 
"suitable control" or "appropriate control" is a predefined value, level, feature, 
characteristic, property, etc. 

20 

Various aspects of the invention are described in further detail in the follovdng 
subsections. 

25 I. Polvglutamine disorders 

Polyglutamine disorders are a class of disease or disorders characterized by a 
common genetic mutation. In particular, the disease or disorders are characterized by an 
expanded repeat of the trinucleotide CAG which gives rise, in the encoded protem, to an 
expanded stretch of glutamine residues. Polyglutamine disorders are similar in that the 
30 diseases are characterized by a progressive degenemtion of nerve cells. Despite their 
similarities, polyglutamine disorders occur on different chromosomes and thus occur on 
entirely different segments of DNA. Examples of polyglutamine disorders include 
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Huntington's disease, Dentatorubropallidoluysian Atrophy, Spinobulbar Muscular 
atrophy. Spinocerebellar Ataxia Type 1, Spinocerebellar Ataxia Type 2, Spinocerebellar 
Ataxia Type 3, Spinocerebellar Ataxia Type 6 and Spinocerebellar Ataxia Type 7 (Table 
3). 



Table 1. Pol)[glutainine disorders 



Disease 


Gene 


Locus 


Protein 


CAG 

repeat 

size 

Normal 


( 

i 

Disease 

i 


Spinobulbar 

muscular 

atrophy 

(Kennedy 

disease) 


AR 


Xql3-21 


Androgen 
receptor (AR) 


9-36 


! 

! 

! 

1 

i 

38-62 j 


Huntington's 
disease 


HD 


4pl6.3 


Huntingtin 


6-35 


36-121 1 


Dentatorubral- 
pallidoluysian 
atrophy (Haw- 
River 
S3aidrome) 


DRPLA 


12pl3.31 


Atrophin-l 


6-35 


49-88 


Spinocerebellar 
ataxia type 1 


SCAl 


6p23 


Ataxin-1 


6-44" 


39-82 


ataxia type 2 


SCA2 


12q24.1 


Ataxin-2 


15-31 


36-63 i 


Spinocerebellar 
ataxia type 3 
(Machado- 
Joseph disease) 


SCA3 (AdJDl) 


14q32.1 


Ataxin-3 


12-40 


* 

f 

! 

55-84 1 


. Spinocerebellar 
ataxia type 6 


SCA6 


19pl3 


criA-voltage- 

dependent 

calcium 

channel 

subunit 


4-18 


j 

21-33 ' 


Spinocerebellar 
ataxia type 7 


SCA7 


13pl2-I3 


Ataxin-7 


4-35 


37-306 



^Alleles with 21 or more repeats are interrupted by 1-3 CAT units; disease alleles 
contain pure CAG tracts. 
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Polyglutamine disorders of the invention are characterized by (e.g., domains 
having between about 30 to 35 glntamine residues, between about 35 to 40 glutamine 
residues, between about 40 to 45 glutamine residues and having about 45 or more 
5 glutamine residues. The polyglutamiae domain typically contains consecutive glutamine 
residues (Q n>36). 

n. Huntington Disease 

Huntington's disease, inherited as an autosomal dominant disease, causes 

10 impaired cognition and motor disease. Patients can live more than a decade with severe 
debilitation, before premature death from starvation or infection. The disease begins in 
the fourth or fifth decade for most cases, but a subset of patients manifest disease in 
teenage years. The genetic mutation for Huntington's disease is a lengthened CAG 
repeat in the huntingtin gene. CAG repeat varies in number from 8 to 35 in normal 

15 individuals (Kremer et al., 1994). The genetic mutation e.g.,) an increase in length of the 
CAG repeats from normal less than 36 in the himtingtin gene to greater than 36 in the 
disease is associated with the synthesis of a mutant huntingtin protein, which has greater 
than 36 polyglutamates (Aronin et al., 1995). In general, individuals with 36 or more 
CAG repeats will get Huntington's disease. Prototypic for as many as twenty other 

20 diseases with a lengthened CAG as the underlying mutation, Huntington's disease still 
has no effective therapy. A variety of interventions — such as interruption of apoptotic 
pathways, addition of reagents to boost mitochondrial efficiency, and blockade of 
NMD A receptors — have shown promise in cell cultures and mouse model of 
Himtington*s disease. However, at best these approaches reveal a short prolongation of 

25 ceil or animal survival. 

Huntington's disease complies with the central dogma of genetics: a mutant gene 
serves as a template for production of a mutant mKNA; the mutant mRNA then directs^ 
synthesis of a mutant protein (Aronin et al., 1995; DiFiglia et al., 1997). Mutant 
huntingtin (protein) probably accumulates in selective neurons in the striatum and 

30 cortex, disrupts as yet determined cellular activities, and causes neuronal dysfimction 
and death (Aronin et al., 1999; Laforet et al., 2001). Because a single copy of a mutant 
gene suffices to cause Himtington's disease, the most parsimonious treatment would 
render the mutant gene ineffective. Theoretical approaches might include stopping gene 
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transcription of mutant himtingtin, destroying mutant mRNA, and blocking translation. 
Each has the same outcome - loss of mutant huntingtin. 

III. Huntingtin Gene 

5 The disease gene linked to Huntington's disease is termed Huntington or (htt). 

The huntingtin locus is large, sparming 1 80 kb and consisting of 67 exons. The 
himtingtin gene is Avidely expressed and is required for normal development It is 
expressed as 2 alternatively polyadenylated forms displaying different relative 
abimdance in various fetal and adult tissues. The larger transcript is approximately 13.7 

10 kb and is expressed predominantly in adult and fetal brain whereas the smaller transcript 
of approximately 10.3 kb is more widely expressed. The two transcripts differ with 
respect to their 3' untranslated regions (Lin et al., 1993). Both messages are predicted to 
encode a 348 kilodalton protem containing 3 144 amino acids. The genetic defect leading 
to Huntington's disease is believed to confer a new property on the mRNA or alter the 

1 5 . function of the protein. The amino acid sequence of the human huntingtin protein is set 
forth in Figure 2 (SEQ ID N0:2). 

A consensus nucleotide sequence of the human huntingtin gene (cDNA) is set 
forth in Figure 1 (SEQ ID N0:1). The coding region consists of nucleotides 316 to 9750 
of SEQ ID NO: 1 . The two altemative polyadenylation signals are found at nucleotides 

20 10326 to 10331 and nucleotides 13644 to 13649, respectively. The corresponding two 
polyadenylation sites are found at nucleotides 10348 and 13672, respectively. The first 
polyadenylation signal/site is that of the 10.3 kb transcript. The second polyadenylation 
signal/site is that of the 13.7 kb transcript, the predominant transcript in brain. 

Five (S) polymorphisms in the human htt gene were identified as described in 

25 Example I. An additional 3 8 polymorphisms in the himtingtin gene sequence have been 
identified via SNP (smgle nucleotide polymorphism) analysis (see Table 3). The 
polymorphisms set forth in Tables 2 and 3 represent preferred sites to target via single- 
nucleotide-specific RNAi, as described herein. 

30 Table 2. Polymorphic sites (?) in the htt gene of hiunan cell lines. 

Cell line I PI (2886) I P2(4034) I P3(6912) I P4(7222^ I P5 (7246) 
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Ijrr-rlu 
(9kb construct) 


C 


G 


A 


T 


c 


HeLa 


t 


a 


A 


g 


c 


HEK293T 


t 


a 


G 


g 


t 


HepG2 


t 


a 


G 


g 


t 


FP-4 


t 


a 


g,A 


g 


t.c 



Table 3. Polymorphic sites (P) in the human htt gene identified by SNP analysis. 









xjre f 


^t^iU^X v>lLlt;li I. X W J 


Q 


A P6 




(^v^lU^Xdlld 1 1^ *± J ^ 


T 


C P7 


dbSNP • 473915 


c OTTi n 1 p»m p n i" 4 "7 4 


Q 


A P8 


dbSNP* 603765 


1509 


T 


C P9 


dbSNP: 1065745 


complQiiien't 1857 


T 


C PIO 


dbSNP: 2301367 


3565 


G 


C, A P11,P12 


dbSNP: 1065746 


3594 


T 


G P13 


dbSNP: 1143646 


3665 


G 


C P14 


dbSNP: 1065747 


complement 4122 


G 


A P15 


dbSNP: 363099 


compl emen t 4985 


G 


A P16 


dbSNP: 363129 


complement 5480 


T 


G P17 


dbSNP: 363125 


6658 


T 


G P18 


dbSNP: 1143648 


complement 6912 


T 


C P19 


dbSNP: 362336 


complement 7753 


G 


A P20 


dbSNP: 3025816 


complement 78 4 9 


G 


C P21 


dbSNP: 3025814 


complement 8478 


T 


C P22 


dbSNP: 2276881 


8574 


T 


C P23 


dbSNP: 2229985 


complement 9154 


C 


A P24 


dbSNP: 3025807 


9498 


T 


C P25 


dbSNP: 2229987 


complement 9699 


G 


A P26 


dbSNP:362308 


complement 9809 


G 


A P27 


dbSNP:362307 


complement 10064 


T 


C P28 


dbSNP: 362306 


complement 10112 


G 


C P29 


dbSNP: 362268 


complement 10124 


G 


C P30 


dbSNP:362305 


complement 10236 


T 


G P31 


dbSNP: 362304 


complement 10271 


G 


A P32 


dbSNP: 362303 


complement 10879 


G 


A P33 


dbSNP: 1557210 


complement 10883 


G 


A P34 


dbSNP: 362302 


complement 10971 


C 


A P35 


dbSNP: 3025805 


complement 11181 


G 


A P36 ' 


dbSNP: 362267 


complement 11400 


C 


A P37 


dbSNP: 362301 


11756. .11757 


G. 


P38 


dbSNP: 5855774 


12658 


G 


A P39 


dbSNP:2237008 


complement 12911 


T 


C P40 


dbSNP: 362300 


complement 13040 


G 


A P41 


dbSNP: 2530595 


13482 


G 


A P42 


dbSNP: 1803770 


13563 


G 


A P43 


dbSNP: 1803771 
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The present invention targets mutant huntingtin using RNA interference 
(Hutvagner et al., 2002). One strand of double-stranded KNA (siRNA) complements a 
polymorphic region within the mutant huntingtin mKNA. After introduction of siRNA 
into neurons, the siRNA partially unwinds, biads to polymorphic region within the 
5 huntingtin mKNA in a site-specific manner, and activates an mRNA nuclease. This 
nuclease cleaves the huntingtin mRNA, thereby halting translation of the mutant 
huntingtin. Cells rid themselves of partially digested mRNA, thus precluding 
translation, or cells digest partially translated proteins. Neurons survive on the wild-type 
huntingtin (from the normal allele); this approach prevents the ravages of mutant 
10 huntingtin by eliminating its production. 

IV. siRNA Design 

siRNAs are designed as follows. First, a portion of the target gene (e.g., the htt 
gene) is selected that includes the polymorphism. Exemplary polymorphisms are • 

15 selected from the 5' untranslated region of a target gene. Cleavage of mRNA at these 
sites should eliminate translation of corresponding mutant protein. Polymorphisms from 
other regions of the mutant gene are also suitable for targeting. A sense strand is 
designed based on the sequence of the selected portion. Preferably the portion (and 
corresponding sense strand) includes about 19 to 25 nucleotides, e.g., 19, 20, 21, 22, 23, 

20 24 or 25 nucleotides. More preferably, the portion (and corresponding sense strand) 
includes 21, 22 or 23 nucleotides. The skilled artisan will appreciate, however, that 
siRNAs having a length of less than 19 nucleotides or greater than 25 nucleotides can 
also function to mediate RNAi. Accordingly, siRNAs of such length are also within the 
scope of the instant invention provided tiiat they retain the ability to mediate RNAi. 

25 Longer RNAi agents have been demonstrated to ellicit an interferon or PKR response in 
certain mammalian cells which may be undesirable. Preferably the RNAi agents of the 
invention do not ellicit a PKR response (i.e., are of a sufticiently short length). 
However, longer RNAi agents may be useful, for example, in cell types incapable of 
generating a PRK response or in situations where tiie PKR response has been 

30 downregulated or dampened by alternative means. 

The sense strand sequence is designed such that the polymorphism is essentially 
in the middle of the strand. For example, if a 21 -nucleotide sKNA is chosen, the 
polymorphism is at, for example, nucleotide 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15 or 16 (i.e., 
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6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15 or 16 nucleotides from the 5' end of the sense strand. 
For a 22-nucleotide siRNA, the polymorphism is at, for example, nucleotide 7, 8, 9, 10, 
1 1, 12, 13, 14, 15 or 16. For a 23-nucleotide siRNA, the polymorphism is at, for 
example, 7, 8, 9, 10, 1 1, 12, 13, 14, 15 or 16. For a 24-nucleotide siRNA, the 
5 polymorphism is at, for example, 9, 10, 11, 12, 13, 14 or 16. For a 25-nucleotide 

siRNA, the polymorphism is at, for example, 9, 10, 1 1, 12, 13, 14, 15, 16 or 17. Movmg 
the polymorphism to an off-center position may, in some instances, reduce eflBciency of 
cleavage by the siRNA. Such compositions, i.e., less efficient compositions, may be 
desireable for use if ojff-silencing of the wild-type mRNA is detected. 

1 0 The antisense strand is routinely the same length as the sense strand and include 

complementary nucleotides. In one embodiment, the strands are fully complementary, 
/. e. , the strands are blimt-ended when aligned or annealed. In another embodiment, the 
strands comprise align or anneal such that 1-, 2- or 3-nucleotide overhangs are 
generated, Le,^ the 3' end of the sense strand extends 1, 2 or 3 nucleotides further than 

15 the 5* end of the antisense strand and/or the 3' end of the antisense strand extends 1, 2 or 
3 nucleotides further than the 5' end of the sense strand. Overhangs can comprise (or 
consist of) nucleotides corresponding to the target gene sequence (or complement 
thereof). Alternatively, overhangs can comprise (or consist of) deoxyribonucleotides, 
for example dTs, or nucleotide analogs, or other suitable non-nucleotide material. 

20 To facilitate entry of the antisense strand into RISC (and thus increase or 

improve the efi5ciency of target cleavage and silencing), the base pair strength between 
the 5' end of the sense strand and 3' end of the antisense strand can be altered, e.g., 
lessened or reduced, as described in detail in U.S. Provisional patent application nos. 
60/475,386 entitled ^'Methods and Compositions for Controlling Efficacy of RNA 

25 Silencing^' (filed June 2, 2003) and 60/475,33 1 entitled ''Methods and Compositions for 
Enhancing the Efficacy and Specificity ofRNAf* (filed June 2, 2003), the contents of 
which are incorporated in their entirety by this reference. In one embodiment of these 
aspects of the invention, the base-pair strength is less due to fewer G:C base pairs 
between the 5' end of the first or antisense strand and the 3' end of the second or sense 

30 strand than between the 3' end of the first or antisense strand and the 5' end of the 
second or sense strand. In another embodiment, the base pair strength is less due to at 
least one mismatched base pair between the 5' end of the first or antisense strand and the 
3' end of the second or sense strand. Preferably, the mismatched base pair is selected 
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10 



from the group consisting of G:A, C:A, C:U, G:G, A:A, C:C and U:U. In another 
embodiment, the base pair strength is less due to at least one wobble base pair, e.g., G:U, 
between the 5' end of the fiist or antisense strand and the 3* end of the second or sense 
strand. In another embodiment, the base pair strength is less due to at least one base pair 
comprising a rare nucleotide, e.g., inosine (I). Preferably, the base pair is selected from 
the group consisting of an LA, I:U and I:C. In yet another embodiment, the base pair 
strength is less due to at least one base pair comprising a modified nucleotide. In 
preferred embodunents, the modified nucleotide is selected from the group consisting of 
2-amino-G, 2-amino-A, 2,6-diamino-G, and 2,6-diamino-A. 

The design of siRNAs suitable for targeting the htt polymorphisms set forth in 
Table 2 is described in detail below 



PI DNA 

sense 
IS antisense 



TGTGCTGACICTGAGGAACAG 

QGUGCUGACOCUGAGGAACAG 
ACACGACUGAGACUCCUUGUC 



(2-nt overhangs) see Figure 5 



(SEQ ID NO: 5) 

(SEQ ID N0:6) 
{blunt-ends, 21-mer) 



(SEQ ID N0:7) 



20 



25 



30 



35 



P2 DNA CATACCTCAAACTGCATGATG 

sense CAUACCUCAflACUGCAUGAUG 
antisense GUAUGGAGUCJUGACGUACUAC 



P3 DNA GCCTGCAGAGCCGGCGGCCTA 

sense GCCUGCAGAGCCGGCGGCCUA 
antisense CGGACGUCUCGGCCGCCGGAU 



P4 DNA ACAGAGTTTGTGACCCACGCC 

s ense ACAGAGUUUGaGACCCACGCC 
antisense UGUCUCAAACACUGGGOGCGG 



P5 DNA TCCCTCATCmCTGTGTGCAC 

sense UCCCUCAUCOACUGUGUGCAC 
antis ense AGGGAGUAGAUGACACACGOG 



40 



(SEQ ID NO: 8) 

(SEQ ID NO: 9) 
(blunt ends, 21-mer) 



(SEQ ID NO: 11) 

(SEQ ID N0:12) 
(blunt ends, 21-mer) 



(SEQ .ID NO: 14) 

(SEQ ID NO: 15) 
(blunt ends, 21-mer) 



(SEQ ID NO: 17) 

(SEQ ID NO: 18) 
(blunt ends, 21 mer) 



(SEQ ID NO: 10) 



(SEQ ID NO: 13) 



(SEQ ID NO: 16) 



(SEQ ID NO: 19) 



siRNAs can be designed according to the above exemplary teachings for any 
other polymorphisms found in the htt gene. Moreover, the technology is applicable to 
targeting any other disease gene having associated polymorphisms, ie,^ non-disease 
causing polymorphisms. 
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To validate the efifectiveness by which siRNAs destroy mutant mRNAs (e.g., 
mutant huntingtin mRNA), the siRNA is incubated with mutant cDNA (e.g., mutant 
huntingtin cDNA) in a Drosophila-hasod in vitro mRNA expression system. 
Radiolabeled with ^^P, newly synthesized mutant mRNAs (e.g., mutant huntingtin 
5 mRNA) are detected autoradiographically on an agarose gel. The presence of cleaved 
mutant mRNA mdicates mRNA nuclease activity. Suitable controls include omission of 
siRNA and use of wild-type huntingtin cDNA. Alternatively, control siRNAs are 
selected having the same nucleotide composition as the selected siRNA, but without 
significant sequence complementarity to the appropriate target gene. Such negative 
10 controls can be designed by randomly scrambling the nucleotide sequence of the 

selected siRNA; a homology search can be performed to ensure that the negative control 
lacks homology to any other gene in the appropriate genome. In addition, negative 
control siRNAs can be designed by introducing one or more base mismatches into the 
sequence. 

1 5 Sites of siRNA-mRNA complementation are selected which result in optimal 

mRNA specificity and maximal mRNA cleavage. 

While the instant invention primarily features targeting polymorphic regions in 
the target mutant gene (e.g., in mutant htt) distinct from the expanded CAG region 
mutation, the skilled artisan will appreciate that targeting the mutant region may have 

20 applicability as a therapeutic strategy in certain situations. Targeting the mutant region 
can be accomplished using siRNA that complements CAG in series. The siRNA^^^ 
would bind to mRNAs with CAG complementation, but might be expected to have 
greater opportunity to bind to an extended CAG series. Multiple siRNA""*^ would bind to 
the mutant huntingtin mRNA (as opposed to fewer for the wild type huntmgtin mRNA); 

25 thus, the mutant huntingtin mRNA is more likely to be cleaved. Successfiil mRNA 
inactivation using this approach would also eliminate normal or wild-type huntingtin 
mRNA. Also inactivated, at least to some extent, could be other normal genes 
(approximately 70) which also have CAG repeats, where their mRNAs could mteract 
with the siRNA. This approach would thus rely on an attrition strategy - more of the 

30 mutant huntingtin mRNA would be destroyed than wild type huntingtm mRNA or the 
other approxunately 69 mRNAs that code for polyglutamines. 
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V. KNAi Agents 

The present invention includes siRNA molecules designed, for example, as 
described above. The siRNA molecules of the invention can be chemically synthesized, 
or can be transcribed in vitro from a DNA template, or in vivo from e.g., shRNA, or, by 
5 using recombinant human DICER enzyme, to cleave in vitro transcribed dsRNA 
templates into pools of 20- ,21- or 23- bp duplex RNA mediating RNAi. The siRNA 
molecules can be designed using any method known in the art 

In one aspect, mstead of the RNAi agent being an interfering ribonucleic acid, 
e.g., an siRNA or shRNA as described above, the RNAi j^ent can encode an interfering 

10 ribonucleic acid, e.g., an shRNA, as described above. In other words, the RNAi agent 
can be a transcriptional template of the interfering ribonucleic acid. Thus, RNAi agents 
of the present invention can also include small hairpin RNAs (shRNAs), and expression 
constmcts engineered to express shRNAs. Transcription of shRNAs is initiated at a 
polymerase III (pel III) promoter, and is thought to be terminated at position 2 of a 4-5- 

1 5 thymine transcription termination site. Upon expression, shRNAs are thought to fold 
into a stem-loop structure with 3* UU-overhangs; subsequently, the ends of these 
shRNAs are processed, converting the shRNAs into siRNA-like molecules of about 21- 
23 nucleotides (Brummelkamp et al., 2002; Lee et al., 2002. supra; Miyagishi et al., 
2002; Paddison et al., 2002, supra; Paul et al., 2002, supra; Sui et al., 2002 supra; Yu et 

20 al., 2002, supra. More information about shRNA design and use can be found on the 
internet at the following addresses: katahdin.cshl.org:9331/RNAi/docs/BseRI- 
BamHI_Strategy.pdf and 

katahdin.csW.org:9331/RNAi/docs/Web_version_ofJ*CR_strategyLpdf, 

Expression constructs of the present invention include any construct suitable for 

25 use in the appropriate expression system and include, but are not limited to, retroviral 
vectors, linear expression cassettes, plasmids and viral or virally-derived vectors, as 
known in the art Such expression constructs can include one or more inducible 
promoters, RNA Pol III promoter systems such as U6 snRNA promoters or HI RNA 
polymerase HI promoters, or other promoters known in the art The constructs can 

30 include one or both strands of the siRNA. Expression constructs e5q)ressing both strands 
can also include loop structures linking both strands, or each strand can be separately 
transcribed from separate promoters within the same construct. Each strand can also be 
transcribed from a separate expression construct. (Tuschl, T., 2002, supra). 
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Synthetic siRNAs can be delivered into cells by methods known in the art, 
including cationic liposome transfection and electroporation. However, these exogenous 
siRNA generally show short term persistence of the silencing effect (4--5 days in 
cultured cells), which may be beneficial in only certain embodiments. To obtain longer 

'5 term suppression of the target genes (f. e. , mutant genes) and to facilitate delivery under 
certain circumstances, one or more siRNA can be expressed within cells firom 
recombinant DNA constructs. Such methods for expressing siRNA duplexes within 
cells from recombinant DNA constructs to allow longer-term target gene suppression in 
cells are known in the art, including mammalian Pol III promoter systems (e.g., HI or 

10 U6/snRNA promoter systems (Tuschl, T., 2002, supra) capable of expressing functional 
double-stranded siRNAs; (Bagella et aL,1998; Lee et al., 2002, supra; Miyagishi et al., 
2002, supra; Paul et al., 2002, supra; Yu et al., 2002), supra; Sui et al., 2002, supra). 
Transcriptional temiination by RNA Pol HI occurs at runs of four consecutive T residues 
in the DNA template, providing a mechanism to end the siRNA transcript at a specific 

15 sequence. The siRNA is complementary to the sequence of the target gene in 5'-3* and 
3'-5' orientations, and the two strands of the siRNA can be expressed in the same 
construct or in separate constructs. Hairpin siRNAs, driven by HI or U6 snRNA 
promoter and expressed in cells, can inhibit target gene expression (Bagella et al.,1998; 
Lee et al., 2002, supra; Miyagishi et al., 2002, supra; Paul et al., 2002, supra; Yu et al., 

20 2002), supra; Sui et al., 2002, supra). Constructs containing siRNA sequence under the 
control of T7 promoter also make fimctional siRNAs when cotransfected into the cells 
with a vector expressing T7 RNA polymerase (Jacque et al., 2002, supra), A single 
construct may contain multiple sequences codmg for siRNAs, such as multiple regions 
of the gene encoding mutant htt, targeting the same gene or multiple genes, and can be 

25 driven, for example, by separate Polin promoter sites. 

Aimnal cells express a range of noncoding RNAs of approximately 22 
nucleotides termed micro RNA (miRNAs) which can regulate gene expression at the 
post transcriptional or translational level during animal development One common 
feature of miRNAs is that they are all excised from an approximately 70 nucleotide 

30 precursor RNA stem-loop, probably by Dicer, an RNase m-type enzyme, or a homolog 
thereof. By substituting the stem sequences of the miRNA precursor with sequence 
complementary to the target mRNA, a vector construct that expresses the engineered 
precursor can be used to produce siRNAs to initiate RNAi against specific mRNA 
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targets in mammalian cells (Zeng et al., 2002, supra). When expressed by DNA vectors 
containing polymerase HI promoters, micro-RNA designed hairpins can silence gene 
expression (McManxis et al., 2002, supra). MicroRNAs targeting polymorphisms may 
also be useful for blocking translation of mutant proteins, in the absence of siRNA- 
S mediated gene-silencing. Such applications may be useful in situations, for example^ 
where a designed siRNA caused off-target silencing of wild type protein. 

Viral-mediated delivery mechanisms can also be used to induce specific 
silencing of targeted genes through expression of siRNA, for example, by generating 
recombinant adenoviruses harboring siRNA imder RNA Pol II promoter transcription 

10 control (Xia et al., 2002, supra). Infection of HeLa cells by tiiese recombinant 

adenoviruses allows for diminished endogenous target gene expression. Injection of the 
recombinant adenovirus vectors into transgenic mice expressing the target genes of the 
siRNA results in in vivo reduction of target gene expression. Id, In an animal model, 
whole-embryo electroporation can efficiently deliver synthetic siRNA into post- 

1 5 implantation mouse embryos (Calegari et al., 2002). In adult mice, efficient delivery of 
siRNA can be accomplished by "high-pressure" delivery technique, a rapid injection 
(within 5 seconds) of a large volume of siRNA containing solution into animal via the 
tail vein (Liu et al.,1999, supra; McCaffrey et al., 2002, supra; Lewis et al., 2002. 
Nanoparticles and liposomes can also be used to deliver siRNA into animals. 

20 The nucleic acid compositions of the invention include both unmodified siRNAs 

and modified siRNAs as known in the art, such as crosslinked siRNA derivatives or 
derivatives having non nucleotide moieties linked, for example to their 3' or 5' ends. 
Modifying siRNA derivatives in this way may improve cellular uptake or enhance 
cellular targeting activities of the resulting siRNA derivative as compared to the 

25 corresponding siRNA, are usefid for tracing the siRNA derivative in the cell, or improve 
the stability of the siRNA derivative compared to the corresponding siRNA. 

Engineered RNA precursors, introduced into cells or whole organisms as 
described herein, will lead to the production of a desired siRNA molecule. Such an 
siRNA molecule will then associate with endogenous protein components of the RNAi 

30 pathway to bind to and target a specific mRNA sequence for cleavage and destruction. 
In this fashion, the mRNA to be targeted by the siRNA generated from the engineered 
RNA precursor will be depleted from the cell or organism, leading to a decrease in the 
concentration of the protein encoded by that mRNA in the cell or organism. The RNA 
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precursors are typically nucleic acid molecules that individually encode either one strand 
of a dsRNA or encode the entire nucleotide sequence of an RNA hairpin loop structure. 

The nucleic acid compositions of the invention can be unconjugated or can be 
conjugated to another moiety, such as a nanoparticle, to enhance a property of the 

5 compositions, e.g., a pharmacokinetic parameter such as absorption, efficacy, 
bioavailability, and/or half-life. The conjugation can be accomplished by methods 
known in the art, e.g., using the methods of Lambert et al. Drug Deliv. Rev.:47(l), 99- 
1 12 (2001) (describes nucleic acids loaded to polyalkylcyanoacrylate (PACA) 
nanoparticles); Fattal et al, J. Control Release 53(l-3):137-43 (1998) (describes nucleic 

10 acids bound to nanoparticles); Schwab et al, Ann. Oncol. 5 Suppl. 4:55-8 (1994) 

(describes nucleic acids linked to intercalating agents, hydrophobic groups, polycations 
or PACA nanoparticles); and Godard et al, Eur. J. Biochem. 232(2):404-10 (1995) 
(describes nucleic acids linked to nanoparticles). 

The nucleic acid molecules of the present invention can also be labeled using any 

15 method known in the art; for instance, the nucleic acid compositions can be labeled with 
a fluorophore, e.g., Cy3, fluorescein, or rhodamine. The labeling can be carried out 
using a kit, e.g., the SILENCER™ siRNA labeling kit (Ambion). Additionally, the 
siRNA can be radiolabeled, e.g., using ^H, ^^P, or other appropriate isotope. 

Moreover, because RNAi is beUeved to progress via at least one single-stranded 

20 RNA intermediate, the skilled artisan will appreciate that ss-siRNAs (e.g., the antisense 
strand of a ds-siRNA) can also be designed (e.g., for chemical synthesis) generated (e.g., 
enzymatically generated)or expressed (e.g., from a vector or plasmid) as described 
herein and utilized according to the claimed methodologies. Moreover, in invertebrates, 
RNAi can be triggered eflBsctively by long dsRNAs (fe.g., dsRNAs about 100 - 1000 

25 nucleotides in length, preferably about 200- 500, for example^ about 250, 300, 350, 400 
or 450 nucleotides in length) acting as effectors of RNAi. (Brondani et al., Proc Natl 
Acad Sci USA. 2001 Dec 4;98(25):14428-33. Epub 2001 Nov 27). 

VI. Methods of Introducing RNAs. Vectors, and Host Cells 
30* Physical methods of introducing nucleic acids include injection of a solution 

containing the RNA, bombardment by particles covered by the RNA, soakmg the cell or 
organism in a solution of the RNA, or electroporation of cell membranes in the presence 
of the RNA. A viral construct packaged into a viral particle would accomplish both 
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efiGicient introduction of an expression construct into the cell and transcription of RNA 
encoded by the expression construct. Other methods known in the art for introducing 
nucleic acids to cells may be used, such as lipid-mediated carrier transport, chemical- 
mediated transport, such as calciimi phosphate, and the like. Thus the RNA may be 

5 introduced along with components that perform one or more of the following activities: 
enhance RNA uptake by the cell, inhibit annealing of single strands, stabilize the single 
strands, or other-wise increase inhibition of the target gene. 

RNA may be directly mtroduced into the cell intracellularly); or introduced 
extracellularly into a cavity, interstitial space, into the circulation of an organism, 

10 introduced orally, or may be introduced by bathing a cell or organism in a solution 

containing the RNA. Vascular or extravascular circulation, the blood or lymph system, 
and the cerebrospinal fluid are sites where the RNA may be introduced. 

The cell having the target gene may be from the germ line or somatic, totipotent 
or pluripotent, dividing or non-dividing, parenchyma or epithelium, immortalized or 

15 transformed, or the like. The cell may be a stem cell or a differentiated cell. Cell types 
that are differentiated include adipocytes, fibroblasts, myocytes, cardiomyocytes, 
endothelium, neurons, glia, blood cells, megakaryocytes, lymphocytes, macrophages, 
neutrophils, eosinophils, basophils, mast cells, leukocytes, granulocytes, keratinocytes, 
chondrocytes, osteoblasts, osteoclasts, hepatocytes, and cells of the endocrine or 

20 exocrine glands. 

Depending on the particular target gene and the dose of double stranded RNA 
material delivered, this process may provide partial or. complete loss of function for the 
target gene. A reduction or loss of gene expression in at least 50%, 60%, 70%, 80%, 
90%, 95% or 99% or more of targeted cells is exemplary. Inhibition of gene expression 

25 refers to the absence (or observable decrease) in the level of protein and/or mRNA 
product from a target gene. Specificity refers to the ability to inhibit tiie target gene 
without manifest effects on other genes of the cell. The consequences of mhibition can 
be confirmed by examination of the outward properties of the cell or organism (as 
presented below in the examples) or by biochemical techniques such as RNA solution 

30 hybridization, nuclease protection, Northern hybridization, reverse transcription, gene 
expression monitoring with a microarray, antibody binding, enzyme linked 
immunosorbent assay (ELISA), Western blottmg, radioinomunoassay (RIA), other 
immunoassays, and fluorescence activated cell analysis (FACS). 
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For RNA-mediated inhibition in a cell line or whole organism, gene e}q>ression is 
conveniently assayed by use of a reporter or drug resistance gene whose protein product 
is easily assayed. Such reporter genes include acetohydroxyacid synthase (AHAS), 
alkaline phosphatase (AP), beta galactosidase (LacZ), beta glucoronidase (GUS), 
5 chloramphenicol acetyltransferase (CAT), green fluorescent protein (GFP), horseradish 
peroxidase (HRP), luciferase (Luc), nopaline synthase (NOS), octopine synthase (OCS), 
and derivatives thereof. Multiple selectable markers are available that confer resistance 
to ampicillin, bleomycin, chloramphenicol, gentamycin, hygromycin, kanamycin, 
lincomycin, methotrexate, phosphinothricin, puromycin, and tetracyclin. Depending on 

10 the assay, quantitation of the amount of gene expression allows one to determine a 
degree of inhibition which is greater than 10%, 33%, 50%, 90%, 95% or 99% as 
compared to a cell not treated according to the present invention. Lower doses of 
injected material and longer times after administration of RNAi agent may result in 
inhibition in a smaller fraction of cells (e.g., at least 10%, 20%, 50%, 75%, 90%, or 95% 

1 5 of targeted cells). Quantization of gene expression in a cell may show similar amoimts 
of inhibition at the level of accumulation of target mRNA or translation of target protein. 
As an example, the efficiency of inhibition may be determined by assessing the amoxmt 
of gene product in the cell; mRNA may be detected with a hybridization probe having a 
nucleotide sequence outside the region used for the inhibitory double-stranded RNA, or 

20 translated polypeptide may be detected with an antibody raised against the polypeptide 
sequence of that region. 

The RNA may be introduced in an amount which allows delivery of at least one 
copy per celL Higher doses (e.g., at least 5, 10, 100, 500 or 1000 copies per cell) of 
material may yield more effective inhibition; lower doses may also be useful for specific 

25 applications. 

In a preferred aspect, the efficacy of an RNAi agent of the invention (e.g., an 
siRNA targeting a polymorphism in a mutant gene) is tested for its ability to specifically 
degrade mutant mRNA (e.g., mutant htt mRNA and/or the production of mutant 
huntingtui protein) in cells, in particular, in neurons (e.g., striatal or cortical neuronal 
30 clonal lines and/or primary neurons). Also suitable for cell-based validation assays are 
other readily transfectable cells, for example, HeLa cells or COS cells. Cells are 
transfected with human wild type or mutant cDNAs (e.g., human wild type or mutant 
huntingtin cDNA). Standard siRNA, modified siRNA or vectors able to produce siRNA 
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from U-looped iiiRNA are co-transfected. Selective reduction in mutant mRNA (e.g., 
mutant huntingtin mRNA) and/or mutant protein (e.g., mutant huntingtin) is measured. 
Reduction of mutant mRNA or protein can be compared to levels of normal mRNA or 
protein. Exogenously-introduced normal mRNA or protein (or endogenous normal 
5 mRNA or protein) can be assayed for comparison pxuposes. When utilizing neuronal 
cells, which are known to be somewhat resistant to standard transfection techniques, it 
may be desirable to introduce RNAi agents (e.g., siRNAs) by passive uptake. 

VIL Methods of Treatment: 

10 The present invention provides for both prophylactic and therapeutic methods of 

treating a subject at risk of (or susceptible to) a disease or disorder caused, in whole or in 
part, by a gain of function mutant protein. In one embodiment, the disease or disorder is 
a trinucleotide repeat disease or disorder- In another embodiment, the disease or 
disorder is a polyglutamine disorder. In a preferred embodiment, the disease or disorder • 

15 is a disorder associated with the expression of huntingtin and in which alteration of 
huntingtin, especially the amplification of CAG repeat copy number, leads to a defect in 
huntingtin gene (structure or function) or huntingtin protein (structure or function or 
expression), such that clinical manifestations include those seen in Huntington*s disease 
patients. 

20 "Treatment'', or "treating" as used herein, is defined as the application or 

administration of a therapeutic agent (e.g., a RNA agent or vector or transgene encoding 
same) to a patient, or application or administration of a therapeutic agent to an isolated 
tissue or cell line from a patient, who has the disease or disorder, a symptom of disease 
or disorder or a predisposition toward a disease or disorder, with the puipose to cure, 

25 heal, alleviate, relieve, alter, remedy, ameliorate, improve or affect the disease or 

disorder, the symptoms of the disease or disorder, or the predisposition towaid disease. 

In one aspect, the invention provides a method for preventing in a subject, a 
disease or disorder as described above, by administering to flie subject a therapeutic 
agent (e.g., an RNAi agent or vector or transgene encoding same). Subjects at risk for 

30 the disease can be identified by, for example, any or a combination of diagnostic or 
prognostic assays as described herein. Administration of a prophylactic agent can occur 
prior to the manifestation of symptoms characteristic of the disease or disorder, such that 
the disease or disorder is prevented or, alternatively, delayed in its progression. 
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Another aspect of the invention pertains to methods treating subjects 
therapeutically, ie,, alter onset of symptoms of the disease or disorder. In an exemplary 
embodiment, the modulatory method of the invention involves contacting a cell 
expressing a gain-of-fimction mutant with a therapeutic agent (e.g., a RNAi agent or 
5 vector or transgene encoding same) that is specific for a polymoxphism within the gene, 
such that sequence specific interference with the gene is achieved. These methods can be 
performed in vitro (e.g., by culturing the cell with the agent) or, alternatively, in vivo 
(e.g., by administering the agent to a subject). 

With regards to both prophylactic and therapeutic methods of treatment, such 

10 treatments may be specifically tailored or modified, based on knowledge obtained from 
the field of pharmacogenomics. "Pharmacogenomics", as used herein, refers to the 
application of genomics technologies such as gene sequencing, statistical genetics, and 
gene expression analysis to drugs in clinical development and on the market. More 
specifically, the term refers the study of how a patient's genes determine his or her 

15 response to a drug (e.g., a patient's "drug response phenotype", or "drug response 
genotype"). Thus, another aspect of the invention provides methods for tailoring an 
individual's prophylactic or therapeutic treatment with either the target gene molecules 
of the present invention or target gene modulators according to that individual's drug 
response genotype. Pharmacogenomics allows a clinician or physician to target 

20 prophylactic or therapeutic treatments to patients who will most benefit fix)m tixe 

treatment and to avoid treatment of patients who will experience toxic drug-related side 
effects. 

Therapeutic agents can be tested in an appropriate animal model. For example, 
an RNAi agent ^or expression vector or transgene encoding same) as described herein 

25 can be used in an animal model to deteimme the eflScacy, toxicity, or side efifects of 
treatment with said agent. Alternatively, a therapeutic agent can be used in an animal 
model to determine the mechanism of action of such an agent. For example, an agent 
can be used in an animal model to determine the efficacy, toxicity, or side effects of 
treatment with such an agent. Alternatively, an ^ent can be used in an animal model to 

30 determine the mechanism of action of such an agent. 
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VIII. Pharmaceutical Compositions 

The invention pertains to uses of the above-described agents for prophylactic 
and/or therapeutic treatments as described infta. Accordingly, the modulators (e.g., 
RNAi agents) of the present invention can be incorporated into pharmaceutical 
5 compositions suitable for administration. Such compositions typically comprise the 
nucleic acid molecule, protein, antibody, or modulatory compound and a 
pharmaceutically acceptable carrier. As used herein the language ""pharmaceutically 
acceptable carrier^' is intended to include any and all solvents, dispersion media, 
coatuigs, antibacterial and antifungal agents, isotonic and absorption delaying agents, 

1 0 and the like, compatible with pharmaceutical administration. The use of such media and 
agents for pharmaceutically active substances is well known m the art. Except insofar as 
. any conventional media or agent is incompatible with the active compound, use thereof 
in the compositions is contemplated.' Supplementary active compounds can also be 
incorporated into the compositions. 

15 A pharmaceutical composition of the invention is formulated to be compatible 

with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, intraperitoneal, intramuscular, 
oral (e.g., inhalation), transdermal (topical), and transmucosal administration. Solutions 
or suspensions used for parenteral, intradermal, or subcutaneous application can include 

20 the foUovmig components: a sterile diluent such as water for injection, saline solution, 
fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for tiie adjustment of 

25 tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
30 solutions (where water soluble) or dispersions and sterile powders for the 

extemporaneous preparation of sterile injectable solutions or dispersion. For intravenous 
administration, suitable carriers include physiological saline, bacteriostatic water, 
Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In ail 
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cases, the composition must be sterile and should be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manu&cture and storage 
and must be preserved against the contaminating action of microorganisms such as 
bacteria and fimgi. The carrier can be a solvent or dispersion mediimi containing, for 

5 example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
can be maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 

10 antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodiimi 
chloride in the composition. Prolonged absorption of the injectable compositions can be 
brought about by including in the composition an agent which delays absorption, for 

15 example, alxmiinum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active 
compound in the required amoimt in an appropriate solvent with one or a combination of 
ingredients enumerated above, as required, followed by filtered sterilization. Generally, 
dispersions are prepared by incorporating the active compoimd into a sterile vehicle 

20 which contains a basic dispersion medium and the required other ingredients from those 
enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum drying and freeze-drying 
"^^ch yields a powder of the active ingredient plus any additional desired ingredient 
from a previously sterile-filtered solution thereof. 

25 Oral compositions generally include an inert diluent or an edible carrier. They 

can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated v^th excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 

30 applied orally and swished and expectorated or swallowed. Pharmaceutically 

compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as 
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microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or 
lactose, a disintegrating agent such as alginic acid, Primogel, or com starch; a lubricant 
such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
5 methyl salicylate, or orange flavoring. 

For administration by inhalation, the compovinds are delivered in the form of an 
aerosol spray from pressured container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
• 1 0 transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art, 
and include, for example, for transmucosal admmistration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
15 compounds are formulated into ointments, salves, gels, or creams as generally known in 
the art. 

The compounds can also be prepared in the form of suppositories (e.g., with 
conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

20 In one embodiment, the active compounds are prepared with carriers that will 

protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 

25 Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Lie. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to methods known to those skilled 

30 in the art, for example, aS described in U.S. Patent No. 4,522,81 1 . 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and imiformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
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to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association wifli the required 
pharmaceutical carrier. The specification for the dosage unit forms of the invention are 
dictated by and directly dependent on the unique characteristics of the active compound 

S and the particular therapeutic effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment of individuals. 

Toxicity and ther^utic eflficacy of such compounds can be determined by 
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LDSO (the dose lethal to 50% of the population) and the EDSO (the dose 

10 therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is tiie therapeutic index and it can be expressed as the ratio 
LD50/ED50. Compounds that exhibit large therapeutic indices are preferred. Although 
compoimds that exhibit toxic side effects may be used, care should be taken to design a 
delivery system that targets such compounds to the site of affected tissue in order to 

15 minimize potential damage to uninfected cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the EDSO with little 
or no toxicity. The dosage may vary within this range depending upon the dosage form 

20 employed and the route of administration utilized. For any compound used in the 
method of the invention, the therapeutically effective dose can be estimated initially 
from cell culture assays. A dose may be formulated in animal models to achieve a 
circulating plasma concentration range that includes the EC50 (i.e., the concentration of 
&e test compound which achieves a half-maximal response) as determined in cell 

25 culture. Such information can be used to more accurately deterniine useful doses in 
humans. Levels in plasma may be measured, for example, by high performance liquid 
chromatography. 

The pharmaceutical compositions can be included in a container, pack, or 
dispenser together with instructions for administration. 

30 
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This invention is further illustrated by the following examples which should not 
be construed as limiting. The contents of all references, patents and published patent 
applications cited throughout this application are incorporated herein by reference. 

5 EXAMPLES 

Unlike other types of autosomal dominant diseases, Himthigton's disease 
does not contain a point mutation e.g.,) single nucleotide change. Therefore, the strategy 
to design siKNA directed against a point mutation in the disease allele camot be 

10 implemented. Instead, the present invention directs designed siRNAs against 
polymorphisms in the Huntingtin gene, of which there are about 30 available in 
GenBank. The present mvention also identifies the polymorphism in the Huntington 
disease allele which differs from the wild type allele, so that siRNA destroys only the 
disease mRNA and leaves intact the wild type (normal) allele mRNA. Thus, only the 

1 5 mutant Huntingtin protein is destroyed and the normal protein is intact 

Example I; Testing of RNAi agents (e.g.. siRNAs> against matant hit in 
Drosophila Ivsates 

A siRNA targeting position 2886 in the htt mRNA was designed as described 
20 supra. The sequence of the siRNA is depicted in Figure 5a (SEQ ID NO:24 sense; 25 
anti-sense). Synthetic RNA (Dharmacon) was deprotected according to the 
manufacturer's protocol. siRNA strands were annealed (Elbashir et al., 2001a). 

Target RNAs were prepared as follows. Target RNAs were transcribed with 
recombinant, histidine-tagged, T7 RNA polymerase from PGR products as described 
25 (Nykanen et al., 2001 ; Hutv4gner et al., 2002). PGR templates for htt sense and anti- 
sense were generated by amplifying 0.1 ng/ml (final concentration) plasmid template 
encodmg htt cDNA using the following primer pairs: htt sense target, 5'-GGG TAA 
TAG GAG TGA GTA TAG GAA GAG TAT GTGTGA GAG ATG-3' (SEQ ED NO:30) 
and 5'-UUGG AAG UAU UGG GGG UAG GU-3' (SEQ ID N0:31); htt anti-sense 
30 target, 5 '-GGG TAA TAG GAG TGA GTA TAG GAG AAG GGT AAT TAG TGA 
TGC-3' (SEQ ID NO:32).and 5'-GAA GAG TAT GTG TGA GAG ATG-3' (SEQ ID 
NO:33). 
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The siKNA was tested using an in vitro RNAi assay, featuring Drosophila 
embryo lysates. In vitro RNAi reactions and analysis was carried out as previously 
described (Tuschl et al., 1999; Zamore et al., 2000; Haley et al., 2003). Target RNAs 
were used at - 5 nM concentration so that reactions are mainly under single-turnover 
5 conditions. Target cleavage under these conditions is proportionate to siRNA 
concentration. 

Figure 5a shows the efficacy of the siRNA directed against position 2886 in tiie 
mutant htt The data clearly demonstrate that the siRNA directs cleavage of the sense 
target to a greater degree than observed for the anti-sense target. However, it is noticed 

10 that this first-designed siRNA did not produce a very active molecule, at least in this in 
vitro assay. Thermodynamic analysis of the base pair strength at the two ends of the 
siRNA duplex indicated roughly equivalent base pair strengths. Figure 4 depicts the 
thermodynamic analysis of siRNA sense (SEQ ID NO:20; 22 respectively) and anti- 
sense (SEQ ID NO:21; 23 respectively) strand 5' ends for the siRNA duplex in 5a, AG 

1 5 (kcal/mole) was calculated in IM NaCl at ?>TC. 

To improved the efficacy of the designed siRNA duplex, the 5' end of the sense 
strand or position 19 of the anti-sense strand of the htt siRNA tested in Figure 5a was 
altered to produce siRNA duplexes in which the 5 ' end of the sense strand was either 
fully unpaired (Figure 5c; SEQ ID NO: 28 sense; SEQ ID NO:29 anti-sense) or in an 

20 A:U base pair (Figure 5b; SEQ ID NO:26 sense; SEQ ID NO:27 anti-sense). The 

impairing the 5' end of an siRNA strand-the sense strand, in this case-causes that strand 
to function to the exclusion of the other strand. When the htt sense strand 5' end was 
present in an A:U base pair and the htt anti-sense strand 5' end was in a G:C pair, the 
sense strand dominated the reaction (Figure 5b-c), but the htt anti-sense strand retained 

25 activity sunilar to that seen for the originally-designed siRNA. 

Example 11; RNAi knockdown of Htt protein in cultured celb 

In a first e^qperiment, siRNAs targeting a polymorphism in the htt mRNA (/.e., 
the polymorphism at position 2886 in the htt mRNA) were tested for their ability to 
30 down-regulate endogenous Htt protein in HeLa cells, HeLa cells were cultures and * 
transfected as follows. HeLa cells were maintained at 37°C in Dulbecco's modified 
Eagle's medium (DMEM, Invitrogen) supplemented with 10% fetal bovine serum 
(FBS), 100 unit/ml penicillin and 100 ^g/ml streptomycin (Invitrogen). Cells were 
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regularly passaged at sub-confluence and plated at 70% confluency 16 hours before 
transfection. Lipofectamine™ (Invitrogen)-mediated transient transfection of siRNAs 
were performed in duplicate 6-well plates CFalcon) as described for adherent cell lines 
by the manufacturer. A standard transfection mixture containing 100-150 nM siKNA 
5 and 9-10 pi Lipofectamine™ in 1 ml serum-reduced OPTI-MEM^ (Invitrogen) was 
added to each well. Cells were incubated in transfection mixture at 37C for 6 hours and 
further cultured in antibiotic-free DMEM. For Western blot analysis at various time 
intervals, the transfected cells were harvested, washed twice with phosphate buffered 
saline (PBS, Invitrogen), flash frozen in liquid nitrogen, and stored at -80**C for analysis. 

10 Three siRNAs were tested against a common target sequence m exon 1 and four 

siRNAs were tested for the position 2886 polymorphism. Western blot analysis was 
performed as follows. Cells treated with siRNA were harvested as described above and 
lysed in ice-cold reporter lysis buffer (Promega) containing protease inhibitor (complete, 
EDTA-free, 1 tablet/10 ml buffer, Roche Molecular Biochemicals). After clearing the 

1 5 resulting lysates by centrifugation, protein in clear lysates was quantified by Dc protein 
assay kit (Bio-Rad). Proteins in 60 |ig of total cell lysate were resolved by 10% SDS- 
PAGE, transferred onto a polyvinylidene difluoride membrane (PVDF, Bio-Rad), and 
immuno-blotted with antibodies against CD80 (Santa Cruz). Protein content was 
visualized with a BM Chemiluminescence Blotting Kit (Roche Molecular 

20 Biochemicals). The blots were exposed to x-ray fihn (Kodak MR- 1) for various times 
(30 s to 5 min). Figure 6a depicts the results of tiie Western analysis. Tubulin served as 
the loading control. The data are quantified and normalized in Figure 6b. Of the 
siRNAs tested, 2886-4, reproducibly showed enhanced efficacy in cultured HeLa cells 
(Figure 6), This siRNA also reproducibly showed enhanced efficacy in vitro (not 

25 shown). GFP siRNA is a control siRNA that shares no sequence homology with htt 
mRNA. 

siRNAs against polymorphic regions in the htt mRNA can likewise be tested in 
cells transfected with human htt cDNA or in cells transfected with htt reporter 
constructs. Lipofectamine™ (Invitrogen)-mediated transient cotransfections of cDNAs 
30 or reporter plasmids and siRNAs are performed as described supra. To test the ability of 
siRNAs to target htt reported constmcts, RNAi was used to inhibit GFP-htt expression in 
cultured human Hela cell lines. Briefly, HeLa cells were transfected with GFP-htt 
siRNA duplex, targeting the GFP-htt mRNA sequence. To analyze RNAi effects against 
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GFP-htt, lysates were prepared from siRNA duplex-treated cells at various times after 
transfection. Western blot experiments were carried out as described siipra. Briefly, 
HeLa cells were harvested at various times post transfection, their protein content was 
resolved on 10% SDS-PAGE, transferred onto PVDF membranes, and immunoblotted 

S with appropriate antibodies.. Results of this study indicated that siBNA against GFP can 
eliminate expression of GFP-htt expression in Hela cells transfected with the GFP-htt 
gene. For studies targeting exogenously introduces htt, procedures are as described 
except that anti-Htt antibodies are used for immunoblotting, 

RNAi can be used to inhibit htt expression m cultured neuronal cells as well. 

10 Exemplary ceUs include PC12 (Scheitzer et al., Thompson et al.) and NT3293 (Tagle et 
al.) cell lines as previously described. Additional exemplary cells include stably- 
transfected cells, e.g. neuronal cells or neuronally-derived cells. PC 12 cell lines 
expressing exon 1 of the human huntingtin gene (Htt) can be used although expression 
of exon 1 reduces cell survival. GFP-Htt PC 12 cells having an inducible GFP-Htt gene 

15 can also be used to test or validate siRNA efficacy. 

Example III: Htt siRNA delivery in an in vivo setting 

R6/2 mice models (e3q)ressing the R6/2 human htt cDNA product) are an 
accepted animal model to study the effectiveness of siRNA delivery in an in vivo setting. 
20 Genetically engineered R6/2 mice were used to test the effectiveness of siRNA at the 5 ' 
terminus of huntingtin mRNA. Htt siRNA was injected into the striatum of R6/2 mice 
through an Alzet pump. Mice were treated for 14 days with the siRNA/Alzet pump 
delivery system. 

Results of this study indicated that two mice receiving the siRNA with Trans-IT 
25 TKO (Minis) as either a 20 or 200 nM solution at 0.25nl/hour showed no deterioration 
of motor impairment from day 67 to day 74. Generally, these K6/2 are expected to have 
a continued reduction in rotarod beyond day 60. 



30 
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20 Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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1 . A method of treating a subject having or at risk for a disease characterized or 
caused by a gain-of-function mutant protein, comprising: administering to said 
subject an effective amount of a RNAi agent targeting an allelic polymorphism 

5 within a gene encoding said mutant protein, such that sequence-specific 

interference of said gene occurs; thereby treating said disease in said subject. 

2. The method of claim 1 , wherein said gene comprises an expanded trinucleotide 
repeat region, 

3. The method of claim 1 , wherein said mutant protein comprises an expanded 
10 polyglutamine domain. 

4. The method of claim 1 , wherein the disease is selected from the group consisting 
of Huntington's disease, spino-cerebellar ataxia type 1, spino-cerebellar ataxia 
type 2, spino-cerebellar ataxia type 3, spino-cerebellar ataxia type 6, spino- 
cerebellar ataxia type 7, spino-cerebellar ataxia type 8, spino-cerebellar ataxia 

15 type 12, fragile X syndrome, fragile XE MR, Friedreich ataxia, myotonic 

dystrophy, spinal bulbar muscular disease and dentatoiubral-pallidoluysian 
atrophy. 

5. The method of claim 4, wherein the disease is Huntington's disease. 

6. The method of claim 5, wherein the RNAi agent targets an allelic polymorphism 
20 within the gene encoding a huntingtin protein. 

7. The method of claim 5, wherein the RNAi agent targets a polymorphism selected 
from the group consisting of P1-P5. 

8. The method of claim 5, wherein the RNAi agent targets a polymorphism selected 
from the group consisting of P6-P43. 

25 9. The method of claim 1 , v^erein the RNAi agent comprises a first strand 
comprising about 16-25 nucleotides homologous to a region of the gene 
comprising the polymorphism and a second strand comprising about 16-25 
nucleotides complementary to the first strand. 
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1 0. The method of claim 1 , wherein the eflfective amount is an amount efiFective to 
inhibit the expression or activity of the mutant protein. 

11. An RNAi agent comprising a first strand comprising about 1 6-25 nucleotides 
homologous to a region of a gene encoding a gain-of-function mutant protein, 

5 said region comprising an allelic polymorphism, and a second strand comprising 

about 16-25 nucleotides complementary to the first strand, wherein the RNAi 
agent direct target-specific cleavage of a mRNA transcribed fi:om the gene 
encoding the mutant protein. 

12. The RNAi agent of claim 9, which targets a polymorphism within the gene 
1 0 encoding a Himtington protein. 

1 3 . The RNAi agent of claim 1 0, wherein said polymorphism is selected firom the 
group comprising P1-P5. 

14. The RNAi agent of claim 10, wherein said polymorphism is selected firom the 
group comprising P6-P43. 

15 15. The RNAi agent of any one of claims 11-14, wherein the first strand comprises a 
nucleotide sequence identical to the sequence of the polymorphism. 

16. The RNAi agent of any one of claims 11-14, fiirther comprising a loop portion 
comprising 4-11 nucleotides that connects the two strands. 

17- An isolated nucleic acid molecule encoding the RNAi £^ent of any one of claims 
20 11-16. 

18. A vector comprising the nucleic acid molecule of claim 1 7. 

19. The vector of claim 1 9, which is a viral vector, retroviral vector, expression 
cassette, or plasmid. 

20. The vector of claim 1 8, further comprismg an RNA Polymerase IE or RNA 
25 Polymerase 11 promoter. 



The vector of claim 1 8, wherein the RNA Polymerase III promoter is the U6 or 
HI promoter. 
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22. A host cell comprising the RNAi agent or nucleic acid molecule of any one of 
claims 11-17. 

23. A host cell comprising the vector of any one of claims 1 8-22. 

24. The host cell of claim 22 or 23, which is a mammalian host cell. 
S 25. The host cell of claim 24, which is a non-human mammalian ceU. 

26. The host cell of claim 24, which is a human cell. 

27. A composition comprising the RNAi agent or nucleic acid molecule of any one 
of claims 11-17, and a pharmaceutically acceptable carrier. 

28. A method for treating a disease or disorder in a subject caused by a gain-of 

10 function mutant protein, comprising identifyring an allelic polymorphism within a 

gene encoding said mutant protein and administering to said subject an RNAi 
agent targeting said polymorphism such that the mutant protein is decreased, 
thereby treating the subject. 
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FIG. 3 



htt sense target 5 " -.-ugrcagcugfaucau ccfa.ugugcugacceucfaggaaca guuG^"^ 3 " 
/iff anti-sense target: 3 - .-.accfuccyacuaoruacrcu acacgsicugggacuccuuguca ag,,.- S T 
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FIG. 4 
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FIG. 5A 
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FIG. 5B 
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FIG. 5C 



S " -traaGCUGACCCDG AGG AAAAG - 3 " 
3 ' -CUACACGACUGGGACUCCUUG-S ' 
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FIG. 6 
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SEQX7ENCE IiISTING 

<110> University of Massachusetts 
ARONIN, Neil 
ZAMORE, Phillip D. 

<120> RNA INTERFERENCE FOR THE TREATMENT OF 
GAIN-OF-FUNCTION DISORDERS 



<130> UMY-083PC 

<150> 60/502678 
<151> 2003-09-12 

<160> 33 

<170> FastSEQ for Windows Version 4.0 

<2ia> 1 

<211> 13672 

<212> DNA 

<213> Homo sapiens 

<400> 1 

ttgctgtgtg aggcagaacc tgcgggggca ggggcgggct ggttccctgg ccagccattg 60 
gcagagtccg caggctaggg ctgtcaatca tgctggccgg cgtggccccg cctccgccgg 120 
cgcggccccg cctccgccgg cgcacgtctg ggacgcaagg cgccgtgggg gctgccggga 180 
cgggtccaag atggacggcc gctcaggttc tgcttttacc tgcggcccag agccccattc 240 
attgccccgg tgctgagcgg cgccgcgagt cggcccgagg cctccgggga ctgccgtgcc 300 
gggcgggaga ccgccatggc gaccctggaa aagctgatga aggccttcga gtccctcaag 360 
tccttccagc agcagcagca gcagcagcag cagcagcagc agcagcagca gcagcagcag 42 0 
cagcagcagc aacagccgcc accgccgccg ccgccgccgc cgcctcctca gcttcctcag 480 
ccgccgccgc aggcacagcc gctgctgcct cagccgcagc cgcccccgcc gccgcccccg 540 
ccgccacccg gcccggctgt ggctgaggag ccgctgcacc gaccaaagaa agaactttca 600 
gctaccaaga aagaccgtgt gaatcattgt ctgacaatat gtgaaaacat agtggcacag 660 
tctgtcagaa attctccaga atttcagaaa cttctgggca tcgctatgga actttttctg 720 
ctgtgcagtg atgacgcaga gtcagatgtc aggatggtgg ctgacgaatg cctcaacaaa 780 
gttatcaaag ctttgatgga ttctaatctt ccaaggttac agctcgagct ctataaggaa 840 
attaaaaaga atggtgcccc tcggagtttg cgtgctgccc tgtggaggtt tgctgagctg 900 
gctcacctgg ttcggcctca gaaatgcagg ccttacctgg tgaaccttct gccgtgcctg 960 
actcgaacaa gcaagagacc cgaagaatca gtccaggaga ccttggctgc agctgttccc 1020 
aaaattatgg cttcttttgg caattttgca aatgacaatg aaattaaggt tttgttaaag 1080 
gccttcatag cgaacctgaa gtcaagctcc cccaccattc ggcggacagc ggctggatca 1140 
gcagtgagca tctgccagca ctcaagaagg acacaatatt tctatagttg gctactaaat 1200 
gtgctcttag gcttactcgt tcctgtcgag gatgaacact ccactctgct gattcttggc 1260 
gtgctgctca ccctgaggta tttggtgccc ttgctgcagc agcaggtcaa ggacacaagc 1320 
ctgaaaggca gcttcggagt gacaaggaaa gaaatggaag tctctccttc tgcagagcag 1380 
cttgtccagg tttatgaact gacgttacat catacacagc accaagacca caatgttgtg 1440 
accggagccc tggagctgtt gcagcagctc ttcagaacgc ctccacccga gcttctgcaa 1500 
accctgaccg cagtcggggg cattgggcag ctcaccgctg ctaaggagga gtctggtggc 1560 
cgaagccgta gtgggagtat tgtggaactt atagctggag ggggttcctc atgcagccct 1620 
gtcctttcaa gaaaacaaaa aggcaaagtg ctcttaggag aagaagaagc cttggaggat 1680 
gactctgaat cgagatcgga tgtcagcagc tctgccttaa cagcctcagt gaaggatgag 1740 
atcagtggag agctggctgc ttcttcaggg gtttccactc cagggtcagc aggtcatgac 1800 
atcatcacag aacagccacg gtcacagcac acactgcagg cggactcagt ggatctggcc 1860 
agctgtgact tgacaagctc tgccactgat ggggatgagg aggatatctt gagccacagc 1920 
tccagccagg tcagcgccgt cccatctgac cctgccatgg acctgaatga tgggacccag 1980 
gcctcgtcgc ccatcagcga cagctcccag accaccaccg aagggcctga ttcagctgtt 2040 
accccttcag acagttctga aattgtgtta gacggtaccg acaaccagta tttgggcctg 2100 
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cagattggac agccccagga tgaagatgag gaagccacag gtattcttcc tgatgaagcc 2160 
tcggaggcct tcaggaactc ttccatggcc cttcaacagg cacatttatt gaaaaacatg 2220 
agtcactgca ggcagccttc tgacagcagt gttgataaat ttgtgttgag agatgaagct 2280 
actgaaccgg gtgatcaaga aaacaagcct tgccgcatca aaggtgacat tggacagtcc 2340 
actgatgatg actctgcacc tcttgtccat tgtgtccgcc ttttatctgc ttcgtttttg 2400 
ctaacagggg gaaaaaatgt gctggttccg gacagggatg tgagggtcag cgtgaaggcc 2460 
ctggccctca gctgtgtggg agcagctgtg gccctccacc cggaatcttt cttcagcaaa 2520 
ctctataaag ttcctcttga caccacggaa taccctgagg aacagtatgt ctcagacatc 2580 
ttgaactaca tcgatcatgg agacccacag gttcgaggag ccactgccat tctctgtggg 2640 
accctcatct gctccatcct cagcaggtcc cgcttccacg tgggagattg gatgggcacc 2700 
attagaaccc tcacaggaaa tacattttct ttggcggatt gcattccttt gctgcggaaa 2760 
acactgaagg atgagtcttc tgttacttgc aagttagctt gtacagctgt gaggaactgt 2820 
gtcatgagtc tctgcagcag cagctacagt gagttaggac tgcagctgat catcgatgtg 2 880 
ctgactctga ggaacagttc ctattggctg gtgaggacag agcttctgga aacccttgca 2940 
gagattgact tcaggctggt gagctttttg gaggcaaaag cagaaaactt acacagaggg 3000 
gctcatcatt atacagggct tttaaaactg caagaacgag tgctcaataa tgttgtcatc 3060 
catttgcttg gagatgaaga ccccagggtg cgacatgttg ccgcagcatc actaattagg 3120 
cttgtcccaa agctgtttta taaatgtgac caaggacaag ctgatccagt agtggccgtg 3180 
gcaagagatc aaagcagtgt ttacctgaaa cttctcatgc atgagacgca gcctccatct 3240 
catttctccg tcagcacaat aaccagaata tatagaggct ataacctact accaagcata 3300 
acagacgtca ctatggaaaa taacctttca agagttattg cagcagtttc tcatgaacta 3360 
atcacatcaa ccaccagagc actcacattt ggatgctgtg aagctttgtg tcttctttcc 3420 
actgccttcc cagtttgcat ttggagttta ggttggcact gtggagtgcc tccactgagt 3480 
gcctcagatg agtctaggaa gagctgtacc gttgggatgg ccacaatgat tctgaccctg 3540 
ctctcgtcag cttggttccc attggatctc tcagcccatc aagatgcttt gattttggcc 3600 
ggaaacttgc ttgcagccag tgctcccaaa tctctgagaa gttcatgggc ctctgaagaa 3660 
gaagccaacc cagcagccac caagcaagag gaggtctggc cagccctggg ggaccgggcc 3720 
ctggtgccca tggtggagca gctcttctct cacctgctga aggtgattaa catttgtgcc 3780 
cacgtcctgg atgacgtggc tcctggaccc gcaataaagg cagccttgcc ttctctaaca 3840 
aacccccctt ctctaagtcc catccgacga aaggggaagg agaaagaacc aggagaacaa 3900 
gcatctgtac cgttgagtcc caagaaaggc agtgaggcca gtgcagcttc tagacaatct 3960 
gatacctcag gtcctgttac aacaagtaaa. tcctcatcac tggggagttt ctatcatctt 4020 
ccttcatacc tcaaactgca tgatgtcctg aaagctacac acgctaacta caaggtcacg 4080 
ctggatcttc agaacagcac ggaaaagttt ggagggtttc tccgctcagc cttggatgtt 4140 
ctttctcaga tactagagct ggccacactg caggacattg ggaagtgtgt tgaagagatc 4200 
ctaggatacc tgaaatcctg ctttagtcga gaaccaatga tggcaactgt ttgtgttcaa 4260 
caattgttga agactctctt tggcacaaac ttggcctccc agtttgatgg cttatcttcc 4320 
aaccccagca agtcacaagg ccgagcacag cgccttggct cctccagtgt gaggccaggc 4380 
ttgtaccact actgcttcat ggccccgtac acccacttca cccaggccct cgctgacgcc 4440 
agcctgagga acatggtgca ggcggagcag gagaacgaca cctcgggatg gtttgatgtc 4500 
ctccagaaag tgtctaccca gttgaagaca aacctcacga gtgtcacaaa gaaccgtgca 4560 
gataagaatg ctattcataa tcacattcgt ttgtttgaac ctcttgttat aaaagcttta 4620 
aaacagtaca cgactacaac atgtgtgcag ttacagaagc aggttttaga tttgctggcg 4680 
cagctggttc agttacgggt taattactgt cttctggatt cagatcaggt gtttattggc 4740 
tttgtattga aacagtttga atacattgaa gtgggccagt tcagggaatc agaggcaatc 4800 
attccaaaca tctttttctt cttggtatta ctatcttatg aacgctatca ttcaaaacag 4860 
atcattggaa ttcctaaaat cat t cage tc tgtgatggca tcatggccag tggaaggaag 4920 
gctgtgacac atgccatacc ggctctgcag cccatagtcc acgacctctt tgtattaaga 4980 
ggaacaaata aagctgatgc aggaaaagag cttgaaaccc aaaaagaggt ggtggtgtca 5040 
atgttactga gactcatcca gtaccatcag gtgttggaga tgttcattct tgtcctgcag 5100 
cagtgccaca aggagaatga agacaagtgg aagcgactgt ctcgacagat agctgacatc 5160 
atcctcccaa tgttagccaa acagcagatg cacattgact ctcatgaagc ccttggagtg 5220 
ttaaatacat tatttgagat tttggcccct tcctccctcc gtccggtaga catgctttta 5280 
cggagtatgt tcgtcactcc aaacacaatg gcgtccgtga gcactgttca actgtggata 5340 
tcgggaattc tggccatttt gagggttctg atttcccagt caactgaaga tattgttctt 5400 
tctcgtattc aggagctctc cttctctccg tatttaatct cctgtacagt aattaatagg 5460 
ttaagagatg gggacagtac ttcaacgcta gaagaacaca gtgaagggaa acaaataaag 5520 
aatttgccag aagaaacatt ttcaaggttt ctattacaac tggttggtat tcttttagaa 5580 
gacattgtta caaaacagct gaaggtggaa atgagtgagc agcaacatac tttctattgc 5640 
caggaactag gcacactgct aatgtgtctg atccacatct tcaagtctgg aatgttccgg 5700 
agaatcacag cagctgccac taggctgttc cgcagtgatg gctgtggcgg cagtttctac 5760 
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accctggaca gcttgaactt gcgggctcgt 
ctgctctggt gtcagatact gctgcttgtc 
gtgcagcaga ccccgaaaag acacagtctg 
tctggagaag aggaggattc tgacttggca 
gtacgaagag gggctctcat tctcttctgt 
gagcacttaa cgtggctcat tgtaaatcac 
cctccagtac aggacttcat cagtgccgtt 
atccaggcaa ttcagtctcg ttgtgaaaac 
cttcagtgct tggaggggat ccatctcagc 
gacaggcttc tgtgcacccc tttccgtgtg 
cgccgggtag aaatgcttct ggctgcaaat 
gaagaactca acagaatcca ggaatacctt 
aggctctatt ccctgctgga caggtttcgt 
tctcctccag tctcttccca cccgctggac 
agtccggaca aagactggta cgttcatctt 
tctgcactgc tggaaggtgc agagctggtg 
ttcatgatga actcggagtt caacctaagc 
agtgaaattt ctggtggcca gaagagtg.cc 
gcccgtgtga gcggcaccgt gcagcagctc 
ctgcctgcag agccggcggc ctactggagc 
ctgtatcagt ccctgcccac tctggcccgg 
aaactgccca gtcatttgca ccttcctcct 
gtggcaaccc ttgaggccct gtcctggcat 
gatctccagg cagggctgga ctgctgctgc 
gtggtctcct ccacagagtt tgtgacccac 
atcctggagg ccgttgcagt gcagcctgga 
aataccccaa aagccatcag cgaggaggag 
aagtatatca ctgcagcctg tgagatggtg 
ttggccttgg gtcataaaag gaatagcggc 
aacatcatca tcagcctggc ccgcctgccc 
ctggtgtgga agcttggatg gtcacccaaa 
gagatccccg tggagttcct ccaggaaaag 
aacacactag gctggaccag tcgtactcag 
gtcctggtga cgcagcccct cgtgatggag 
gagaggaccc agatcaacgt cctggccgtg 
atgactgtgc ctgtggccgg caacccagct 
aagcctctga aagctctcga caccaggttt 
gtggagcaag agattcaagc aatggtttca 
tatcaggcat gggatcctgt cccttctctg 
cacgagaagc tgctgctaca gatcaacccc 
ctcggccagg tgtccataca ctccgtgtgg 
gaggaatggg acgaggaaga ggaggaggag 
acgtctccag tcaactccag gaaacaccgg 
tttttgcttg agttgtacag ccgctggatc 
gccatcctga tcagtgaggt ggtcagatcc 
cgcaaccagt ttgagctgat gtatgtgacg 
gaagacgaga tcctcgctca gtacctggtg 
gggatggaca aggccgtggc ggagcctgtc 
agccacctgc ccagcagggt tggagccctg 
ctgctggacg acactgccaa gcagctcatc 
ctgaaaggga tegcccactg cgtgaacatt 
gccactgcgt tttacctcat tgagaactat 
tcaataatac agatgtgtgg ggtgatgctg 
atttaccact gtgccctcag aggcctggag 
ctggatgcag aatcgctggt caagctgagt 
cgggccatgg cggctctggg cctgatgctc 
agtccgggta gaacttcaga ccctaatcct 
gctatggagc gggtatctgt tctttttgat 
agagtggtgg ccaggatcct gccccagttt 
atgaacaaag tcatcggaga gtttctgtcc 
accgtggtgt ataaggtgtt tcagactctg 



tccatgatca ccacccaccc ggccctggtg 5820 
aaccacaccg actaccgctg gtgggcagaa 5880 
tccagcacaa agttacttag tccccagatg 5940 
gccaaacttg gaatgtgcaa tagagaaata 6000 
gattatgtct gtcagaacct ccatgactcc 6060 
attcaagatc tgatcagcct ttcccacgag 6120 
catcggaact ctgctgccag cggcctgttc 6180 
ctttcaactc caaccatgct gaagaaaact 6240 
cagtcgggag ctgtgctcac gctgtatgtg 6300 
ctggctcgca tggtcgacat ccttgcttgt 6360 
ttacagagca gcatggccca gttgccaatg 6420 
cagagcagcg ggctcgctca gagacaccaa 6480 
ctctccacca tgcaagactc acttagtccc 6540 
ggggatgggc acgtgtcact ggaaacagtg 6600 
gtcaaatccc agtgttggac caggtcagat 6660 
aatcggattc ctgctgaaga tatgaatgcc 6720 
ctgctagctc catgcttaag cctagggatg 6780 
ctttttgaag cagcccgtga ggtgactctg 6840 
cctgctgtcc atcatgtctt ccagcccgag 6900 
aagttgaatg atctgtttgg ggatgctgca 6960 
gccctggcac agtacctggt ggtggtctcc 7020 
gagaaagaga aggacattgt gaaattcgtg 7080 
ttgatccatg agcagatccc gctgagtctg 7140 
ctggccctgc agctgcctgg cctctggagc 7200 
gcctgctccc tcatctactg tgtgcacttc 7260 
gagcagcttc ttagtccaga aagaaggaca 7320 
gaggaagtag atccaaacac acagaatcct 7380 
gcagaaatgg tggagtctct gcagtcggtg 7440 
gtgccggcgt ttctcacgcc attgctcagg 7500 
cttgtcaaca gctacacacg tgtgccccca 7560 
ccgggagggg attttggcac agcattccct 7620 
gaagtcttta aggagttcat ctaccgcatc 7680 
tttgaagaaa cttgggccac cctccttggt 7740 
caggaggaga gcccaccaga agaagacaca 7800 
caggccatca cctcactggt gctcagtgca 7860 
gtaagctgct tggagcagca gccccggaac 7920 
gggaggaagc tgagcattat catgagggatt 7980 
aagagagaga atattgccac ccatcattta 8040 
tctccggcta ctacaggtgc cctcatcagc 8100 
gagcgggagc tggggagcat gagctacaaa 8160 
ctggggaaca gcatcacacc cctgagggag 8220 
gccgacgccc ctgcaccttc gtcaccaccc 8280 
gctggagttg acatccactc ctgttcgcag 8340 
ctgccgtcca gctcagccag gaggaccccg 8400 
cttctagtgg tctcagactt gttcaccgag 8460 
ctgacagaac tgcgaagggt gcacccttca 8520 
cctgccacct gcaaggcagc tgccgtcctt 8580 
agccgcctgc tggagagcac gctcaggagc 8640 
cacggcgtcc tctatgtgct ggagtgcgac 8700 
ccggtcatca gcgactatct octet ccaac 8760 
cacagccagc agcacgtact ggtcatgtgt 8820 
cctctggacg tagggccgga attttcagca 8880 
tctggaagtg aggagtccac cccctccatc 8940 
cgcctcctgc tctctgagca gctctcccgc 9000 
gtggacagag tgaacgtgca cagcccgcac 9060 
acctgcatgt acacaggaaa ggagaaagtc 9120 
gcagcccccg acagcgagtc agtgattgtt 9180 
aggatcagga aaggctttcc ttgtgaagcc 9240 
ctagacgact tcttcccacc ccaggacatc 9300 
aaccagcagc cataccccca gttcatggcc 9360 
cacagcaccg ggcagtcgtc catggtccgg 9420 
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gactgggtca tgctgtccct ctccaacttc acgcagaggg ccccggtcgc catggccacg 9480 
tggagcctct cctgcttctt tgtcagcgcg tccaccagcc cgtgggtcgc ggcgatcctc 9540 
ccacatgtca tcagcaggat gggcaagctg gagcaggtgg acgtgaacct tttctgcctg 9600 
gtcgccacag acttctacag acaccagata gaggaggagc tcgaccgcag ggccttccag 9660 
tctgtgcttg aggtggttgc agccccagga agcccatatc accggctgct gacttgttta 9720 
cgaaatgtcc acaaggtcac cacctgctga gcgccatggt gggagagact gtgaggcggc 9780 
agctggggcc ggagcctttg gaagtctgtg cccttgtgcc ctgcctccac cgagccagct 9840 
tggtccctat gggcttccgc acatgccgcg ggcggccagg caacgtgcgt gtctctgcca 9900 
tgtggcagaa gtgctctttg tggcagtggc caggcaggga gtgtctgcag tcctggtggg 9960 
gctgagcctg aggccttcca gaaagcagga gcagctgtgc tgcaccccat gtgggtgacc 10020 
aggtcctttc tcctgatagt cacctgctgg ttgttgccag gttgcagctg ctcttgcatc 10080 
tgggccagaa gtcctccctc ctgcaggctg gctgttggcc cctctgctgt cctgcagtag 10140 
aaggtgccgt gagcaggctt tgggaacact ggcctgggtc tccctggtgg ggtgtgcatg 10200 
ccacgccccg tgtctggatg cacagatgcc atggcctgtg ctgggccagt ggctgggggt 10260 
gctagacacc cggcaccatt ctcccttctc tcttttcttc tcaggattta aaatttaatt 10320 
atatcagtaa agagattaat tttaacgaac tctttctatg cccgtgtaaa gtatgtgaat 10380 
cgcaaggcct gtgctgcatg cgacagcgtc cggggtggtg gacagggccc ccggccacgc 10440 
tccctctcct gtagccactg gcatagccct cctgagcacc cgctgacatt tccgttgtac 10500 
atgttcctgt ttatgcattc acaaggtgac tgggatgtag agaggcgtta gtgggcaggt 10560 
ggccacagca ggactgagga caggccccca ttatcctagg ggtgcgctca actgcagccc 1062 0 
ctcctcctcg ggcacagacg actgtcgttc tccacccacc agtcagggac agcagcctcc 10680 
ctgtcactca gctgagaagg ccagccctcc ctggctgtga gcagcctcca ctgtgtccag 10740 
agacatgggc ctcccactcc tgttccttgc tagccctggg gtggcgtctg cctaggagct 10800 
ggctggcagg tgttgggacc tgctgctcca tggatgcatg ccctaagagt gtcactgagc 10860 
tgtgttttgt ctgagcctct ctcggtcaac agcaaagctt ggtgtcttgg cactgttagt 10920 
gacagagccc agcatccctt ctgcccccgt tccagctgac atcttgcacg gtgacccctt 10980 
ttagtcagga gagtgcagat ctgtgctcat cggagactgc cccacggccc tgtcagagcc 11040 
gccactccta tccccaggac aggtccctgg accagcctcc tgtttgcagg cccagaggag 11100 
ccaagtcatt aaaatggaag tggattctgg atggccgggc tgctgctgat gtaggagctg 11160 
gatttgggag ctctgcttgc cgactggctg tgagacgagg caggggctct gcttcctcag 11220 
ccctagaggc gagccaggca aggttggcga ctgtcatgtg gcttggtttg gtcatgcccg 11280 
tcgatgtttt gggtattgaa tgtggtaagt ggaggaaatg ttggaactct gtgcaggtgc 11340 
tgccttgaga cccccaagct tccacctgtc cctctcctat gtggcagctg gggagcagct 11400 
gagatgtgga cttgtatgct gcccacatac gtgaggggga gctgaaaggg agcccctgct 11460 
caaagggagc ccctcctctg agcagcctct gccaggcctg tatgaggctt ttcccaccag 11520 
ctcccaacag aggcctcccc cagccaggac cacctcgtcc tcgtggcggg gcagcaggag 11580 
cggtagaaag gggtccgatg tttgaggagg cccttaaggg aagctactga attataacac 11640 
gtaagaaaat caccattctt ccgtattggt tgggggctcc tgtttctcat cctagctttt 11700 
tcctggaaaa gcccgctaga aggtttggga acgaggggaa agttctcaga actgttgctg 11760 
ctccccaccc gcctcccgcc tcccccgcag gttatgtcag cagctctgag acagcagtat 11820 
cacaggccag atgttgttcc tggctagatg tttacatttg taagaaataa cactgtgaat 11880 
gtaaaacaga gccattccct tggaatgcat atcgctgggc tcaacataga gtttgtcttc 11940 
ctcttgttta cgacgtgatc taaaccagtc cttagcaagg ggctcagaac accccgctct 12000 
ggcagtaggt gtcccccacc cccaaagacc tgcctgtgtg ctccggagat gaatatgagc 12060 
tcattagtaa aaatgacttc acccacgcat atacataaag tatccatgca tgtgcatata 12120 
gacacatcta taattttaca cacacacctc tcaagacgga gatgcatggc ctctaagagt 12180 
gcccgtgtcg gttcttcctg gaagttgact ttccttagac ccgccaggtc aagttagccg 12240 
cgtgacggac atccaggcgt gggacgtggt cagggcaggg ctcattcatt gcccactagg 12300 
atcccactgg cgaagatggt ctccatatca gctctctgca gaagggagga agactttatc 12360 
atgttcctaa aaatctgtgg caagcaccca tcgtattatc caaattttgt tgcaaatgtg 12420 
attaatttgg ttgtcaagtt ttgggggtgg gctgtgggga gattgctttt gttttcctgc 12480 
tggtaatatc gggaaagatt ttaatgaaac cagggtagaa ttgtttggca atgcactgaa 12540 
gcgtgtttct ttcccaaaat gtgcctccct tccgctgcgg gcccagctga gtctatgtag 12600 
gtgatgtttc cagctgccaa gtgctctttg ttactgtcca ccctcatttc tgccagcgca 12660 
tgtgtccttt caaggggaaa atgtgaagct gaaccccctc cagacaccca gaatgtagca 12720 
tctgagaagg ccctgtgccc taaaggacac ccctcgcccc catcttcatg gagggggtca 12780 
tttcagagcc ctcggagcca atgaacagct cctcctcttg gagctgagat gagccccacg 12840 
tggagctcgg gacggatagt agacagcaat aactcggtgt gtggccgcct ggcaggtgga 12900 
acttcctccc gttgcggggt ggagtgaggt tagttctgtg tgtctggtgg gtggagtcag 12960 
gcttctcttg ctacctgtga gcatccttcc cagcagacat cctcatcggg ctttgtccct 13020 
cccccgcttc ctccctctgc ggggaggacc cgggaccaca gctgctggcc agggtagact 13080 
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tggagctgtc ctccagaggg gtcacgtgta ggagtgagaa gaaggaagat cttgagagct 13140 

gctgagggac cttggagagc tcaggatggc tcagacgagg acactcgctt gccgggcctg 13200 

gccctcctgg gaaggaggga gctgctcaga atgccgcatg acaactgaag gcaacctgga 13260 

aggttcaggg cccgctcttc ccccatgtgc ctgtcacgct ctggtgcagt caaaggaacg 13320 

ccttcccctc agttgtttct aagagcagag tctcccgctg caatctgggt ggtaactgcc 13380 

agccttggag gatcgtggcc aacgtggacc tgcctacgga gggtgggctc tgacccaagt 13440 

ggggcctcct tgcccaggtc tcactgcttt gcaccgtggt cagagggact gtcagctgag 13500 

cttgagctcc cctggagcca gcagggctgt gatgggcgag tcccggagcc ccacccagac 13560 

ctgaatgctt ctgagagcaa agggaaggac tgacgagaga tgtatattta attttttaac 13620 

tgctgcaaac attgtacatc caaattaaag ggaaaaaatg gaaaccatca at 13672 
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Leu 


Thr He 


Cys 
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Asn He 






100 
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Val Ala 


Gin 


Ser 


Val 


Arg 


Asn 


Ser 


Pro 


Glu 


Phe Gin 


Lys 


Leu 


Leu Gly 
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He Ala 


Met 


Glu 


Leu 


Phe 


Leu 


Leu 


Cys 


Ser 


Asp Asp 


Ala 


Glu 


Ser Asp 
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Val Arg 


Met 


Val 


Ala 


Asp 


Glu 


Cys 


Leu 


Asn 


Lys Val 


He 


Lys 


Ala Leu 


145 








150 
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Met Asp 


Ser 


Asn 


Leu 


Pro 


Arg 


Leu 


Gin 


Leu 


Glu Leu 


Tyr 


Lys 


Glu He 








165 
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Lys Lys 
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Gly 


Ala 


Pro 


Arg 


Ser 


Leu 


Arg 


Ala Ala 


Leu 


Trp 


Arg Phe 
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Ala Glu 


Leu 


Ala 
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Leu 


Val 


Arg 


Pro 


Gin 


Lys Cys 


Arg 


Pro 


Tyr Leu 




195 
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Val Asn 


Leu 


Leu 


Pro 


Cys 


Leu 


Thr 


Arg 


Thr 


Ser Lys 


Arg 


Pro 


Glu Glu 


210 










215 








220 








Ser Val 


Gin 


Glu 


Thr 


Leu 


Ala 


Ala 


Ala 


Val 


Pro Lys 


He 


Met 


Ala Ser 


225 








230 










235 






240 


Phe Gly 


Asn 


Phe 


Ala 


Asn 


Asp 


Asn 


Glu 


He 


Lys Val 


Leu 


Leu 


Lys Ala 








245 










250 








255 


Phe He 


Ala 


Asn 


Leu 


Lys 


Ser 


Ser 


Ser 


Pro 


Thr He 


Arg 


Arg 


Thr Ala 






260 










265 








270 




Ala Gly 


Ser 


Ala 


Val 


Ser 


He 


Cys 


Gin 


His 


Ser Arg 


Arg 


Thr 


Gin Tyr 




275 










280 








285 






Phe Tyr 


Ser 


Trp 


Leu 


Leu 


Asn 


Val 


Leu 


Leu 


Gly Leu 


Leu 


Val 


Pro Val 
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Glu Asp 


Glu 
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He 
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335 
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Lys Gly 


Ser 


Phe 






340 


Ala Glu 


Gin 


Leu 




355 




His Gin 


Asp 


His 
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Leu Phe 


Arg 


Thr 
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Gly Gly 


He 
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Ser Arg 


Ser 


Gly 
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Glu Glu 


Glu 
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Ser Ser 
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Glu Asp 


He 
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Asp Pro 
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Ser Asp 


Ser 
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Pro Ser 
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Leu Gly 


Leu 


Gin 
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Gly He 
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Glu 


He 
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He 
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Glu 
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Ser 
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He 
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Ser 
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Glu 
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Glu 
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Gly 
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Glu 
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lieu 


He 
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Gly 
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Lys 


Gly 
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Glu 


Ser 
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Glu 


He 
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Gly 


Ser 
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Ser 


Gin 


Val 


Ser 








540 


Gly 


Thr 


Gin 
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Glu 


Gly 
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Gly 
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Glu 
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He 
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He 
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Gly 
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Val 
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He 
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510 






Asp 


Gly 
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Glu 
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Ser 
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Pro 


He 
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Ser 
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Val 


Thr 
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Asn 


Gin 


Tyr 
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Glu 


Ala 


Thr 
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Asn 


Ser 


Ser 


Met 


His 


Cys 


Arcf 


Gin 
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Asp 


Glu 


Ala 


Thr 
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Lys 


Gly 


Asp 


He 
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His 


Cys 


Val 


Arg 


685 








Asn 


Val 


Leu 


Val 


Ala 


Leu 


Ser 


Cys 








720 


Phe 


Ser 


Lys 


Leu 






735 




Glu 


Gin 


Tyr 


Val 




750 






Gin 


Val 


Arg 


Gly 


765 








He 


Leu 


Ser 


Arg 


Arg 


Thr 


Leu 


Thr 
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Leu 


Arg 


Lys 


Thr 
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820 825 830 

Arg Asn Cys Val Met Ser lieu Cys Ser Ser Ser Tyr Ser Glu Leu Gly 

835 840 845 

Leu Gin Leu lie He Asp Val Leu Thr Leu Arg Asn Ser Ser Tyr Trp 

850 855 860 

Leu Val Arg Thr Glu Leu Leu Glu Thr Leu Ala Glu He Asp Phe Arg 
865 870 875 880 

Leu Val Ser Phe Leu Glu Ala Lys Ala Glu Asn Leu His Arg Gly Ala 

885 890 895 

His His Tyr Thr Gly Leu Leu Lys Leu Gin Glu Arg Val Leu Asn Asn 

900 905 910 

Val Val He His Leu Leu Gly Asp Glu Asp Pro Arg Val Arg His Val 

915 920 925 

Ala Ala Ala Ser Leu He Arg Leu Val Pro Lys Leu Phe Tyr Lys Cys 

930 935 940 

Asp Gin Gly Gin Ala Asp Pro Val Val Ala Val Ala Arg Asp Gin Ser 
945 950 955 960 

Ser Val Tyr Leu Lys Leu Leu Met His Glu Thr Gin Pro Pro Ser His 

965 970 975 

Phe Ser Val Ser Thr He Thr Arg He Tyr Arg Gly Tyr Asn Leu Leu 

980 985 990 

Pro Ser He Thr Asp Val Thr Met Glu Asn Asn Leu Ser Arg Val He 

995 1000 1005 

Ala Ala Val Ser His Glu Leu He Thr Ser Thr Thr Arg Ala Leu Thr 

1010 1015 1020 

Phe Gly Cys cys Glu Ala Leu Cys Leu Leu Ser Thr Ala Phe Pro Val 
1025 1030 1035 1040 

Cys He Trp Ser Leu Gly Trp His Cys Gly Val Pro Pro Leu Ser Ala 

1045 1050 1055 

Ser Asp Glu Ser Arg Lys Ser Cys Thr Val Gly Met Ala Thr Met He 

1060 1065 1070 

Leu Thr Leu Leu Ser Ser Ala Trp Phe Pro Leu Asp Leu Ser Ala His 

1075 1080 1085 

Gin Asp Ala Leu He Leu Ala Gly Asn Leu Leu Ala Ala Ser Ala Pro 

1090 1095 1100 

Lys Ser Leu Arg Ser Ser Trp Ala Ser Glu Glu Glu Ala Asn Pro Ala 
1105 1110 1115 1120 

Ala Thr Lys Gin Glu Glu Val Trp Pro Ala Leu Gly Asp Arg Ala Leu 

1125 1130 1135 

Val Pro Met Val Glu Gin Leu^ Phe Ser His Leu Leu Lys Val He Asn 

1140 1145 1150 

He Cys Ala His Val Leu Asp Asp Val Ala Pro Gly Pro Ala He Lys 

1155 1160 1165 

Ala Ala Leu Pro Ser Leu Thr Abii Pro Pro Ser Leu Ser Pro He Arg 

1170 1175 1180 

Arg Lys Gly Lys Glu Lys Glu Pro Gly Glu Gin 2U.a Ser Val Pro Leu 
1185 1190 1195 1200 

Ser Pro Lys Lys Gly Ser Glu Ala Ser Ala Ala Ser Arg Gin Ser Asp 

1205 1210 1215 

Thr Ser Gly Pro Val Thr Thr Ser Lys Ser Ser Ser Leu Gly Ser Phe 

1220 1225 1230 

Tyr His Leu Pro Ser Tyr Leu Lys Leu His Asp Val Leu Lys Ala Thr 

1235 1240 1245 

His Ala Asn Tyr Lys Val Thr Leu Asp Leu Gin Asn Ser Thr Glu Lys 

1250 1255 1260 

Phe Gly Gly Phe Leu Arg Ser Ala Leu Asp Val Leu Ser Gin He Leu 
1265 1270 1275 1280 

Qlu Leu Ala Thr Leu Gin Asp He Gly Lys Cys Val Glu Glu He Leu 

1285 1290 1295 

Gly Tyr Leu Lys Ser Cys Phe Ser Arg Glu Pro Met Met Ala Thr Val 
1300 1305 1310 
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Cys Val Gin Gin I*eu Leu Lys Thr Leu Phe Gly Thr Asn Leu Ala Ser 

1315 1320 1325 

Gin Phe Asp Gly Leu Ser Ser Asn Pro Ser Lys Ser Gin Gly Arg Ala 

1330 1335 1340 

Gin Arg Leu Gly Ser Ser Ser Val Arg Pro Gly Leu Tyr His Tyr Cys 
1345 1350 1355 1360 

Phe Met Ala Pro Tyr Thr His Phe Thr Gin Ala Leu Ala Asp Ala Ser 

1365 1370 1375 

Leu Arg Asn Met Val Gin Ala Glu Gin Glu Asn Asp Thr Ser Gly Trp 

1380 1385 1390 

Phe Asp Val Leu Gin Lys Val Ser Thr Gin Leu Lys Thr Asn Leu Thr 

1395 1400 1405 

Ser Val Thr Lys Asn Arg Ala Asp Lys Asn Ala lie His Asn His He 

1410 1415 1420 

Arg Leu Phe Glu Pro Leu Val He Lys Ala Leu Lys Gin Tyr Thr Thr 
1425 1430 1435 1440 

Thr Thr Cys Val Gin Leu Gin Lys Gin Val Leu Asp Leu Leu Ala Gin 

1445 1450 1455 

Leu Val Gin Leu Arg Val Asn Tyr Cys Leu Leu Asp Ser Asp Gin Val 

1460 1465 1470 

Phe He Gly Phe Val Leu Lys Gin Phe Glu Tyr He Glu Val Gly Gin 

1475 1480 1485 

Phe Arg Glu Ser Glu Ala He He Pro Asn He Phe Phe Phe Leu Val 

1490 1495 1500 

Leu Leu Ser Tyr Glu Arg Tyr His Ser Lys Gin He He Gly He Pro 
1505 1510 1515 1520 

Lys He He Gin Leu Cys Asp Gly He Met Ala Ser Gly Arg Lys Ala 

1525 1530 1535 

Val Thr His Ala He Pro Ala Leu Gin Pro He Val His Asp Leu Phe 

1540 1545 1550 

Val Leu Arg Gly Thr Asn Lys Ala Asp Ala Gly Lys Glu Leu Glu Thr 

1555 1560 1565 

Gin Lys Glu Val Val Val Ser Met Leu Leu Arg Leu He Gin Tyr His 

1570 1575 1580 

Gin Val Leu Glu Met Phe He Leu Val Leu Gin Gin Cys His Lys Glu 
1585 1590 1595 1600 

Asn Glu Asp Lys Trp Lys Arg Leu Ser Arg Gin He Ala Asp He He 

1605 1610 1615 

Leu Pro Met Leu Ala Lys Gin Gin Met His He Asp Ser His Glu Ala 

1620 1625 1630 

Leu Gly Val Leu Asn Thr Leu Phe Glu He Leu Ala Pro Ser Ser Leu 

1635 1640 1645 

Arg Pro Val Asp Met Leu Leu Arg Ser Met Phe Val Thr Pro Asn Thr 

1650 1655 1660 

Met Ala Ser Val Ser Thr Val Gin Leu Trp He Ser Gly He Leu Ala 
1665 1670 1675 1680 

He Leu Arg Val Leu He Ser Gin Ser Thr Glu Asp He Val Leu Ser 

1685 1690 1695 

Arg He Gin Glu Leu Ser Phe Ser Pro Tyr Leu He Ser Cys Thr Val 

1700 1705 1710 

He Asn Arg Leu Arg Asp Gly Asp Ser Thr Ser Thr Leu Glu Glu His 

1715 1720 1725 

Ser Glu Gly Lys Gin He Lys Asn Leu Pro Glu Glu Thr Phe Ser Arg 

1730 1735 . 1740 

Phe Leu Leu Gin Leu Val Gly He Leu Leu Glu Asp He Val Thr Lys 
1745 1750 1755 1760 

Gin Leu Lys Val Glu Met Ser Glu Gin Gin His Thr Phe Tyr Cys Gin 

1765 1770 1775 

Glu Leu Gly Thr Leu Leu Met Cys Leu He His He Phe Lys Ser Gly 

1780 1785 1790 

Met Phe Arg Arg He Thr Ala Ala Ala Thr Arg Ijeu Phe Arg Ser Asp 
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1795 1800 1805 

Gly Cys Gly Gly Ser Phe Tyr Thr Leu Asp Ser Leu Asn Leu Arg Ala 

1810 1815 1820 

Arg Ser Met He Thr Thr His Pro Ala Leu Val Leu Leu Trp Cys Gin 
1825 1830 1835 1840 

He Leu Leu Leu Val Asn His Thr Asp Tyr Arg Trp Trp Ala Glu Val 

1845 1850 1855 

Gin Gin Thr Pro Lys Arg His Ser Leu Ser Ser Thr Lys Leu Leu Ser 

I860 1865 1870 

Pro Gin Met Ser Gly Glu Glu Glu Asp Ser Asp Leu Ala Ala Lys Leu 

1875 1880 1885 

Gly Met Cys Asn Arg Glu He Val Arg Arg Gly Ala Leu He Leu Phe 

1890 1895 1900 

Cys Asp Tyr Val Cys Gin Asn Leu His Asp Ser Glu His Leu Thr Trp 
1505 1910 1915 1920 

Leu He Val Asn His He Gin Asp Leu He Ser Leu Ser His Glu Pro 

1925 1930 1935 

Pro Val Gin Asp Phe He Ser Ala Val His Arg Asn Ser Ala Ala Ser 

1940 1945 1950 

Gly Leu Phe He Gin Ala He Gin Ser Arg Cys Glu Asn Leu Ser Thr 

1955 I960 1965 

Pro Thr Met Leu Lys Lys Thr Leu Gin Cys Leu Glu Gly He His Leu 

1970 1975 1980 

Ser Gin Ser Gly Ala Val Leu Thr Leu Tyr Val Asp Arg Leu Leu Cys 
1985 1990 1995 2000 

Thr Pro Phe Arg Val Leu Ala Arg Met Val Asp He Leu Ala Cys Arg 

2005 2010 2015 

Arg Val Glu Met Leu Leu Ala Ala Asn Leu Gin Ser Ser Met Ala Gin 

2020 2025 2030 

Leu Pro Met Glu Glu Leu Asn Arg He Gin Glu Tyr Leu Gin Ser Ser 

2035 2040 204'5 

Gly Leu Ala Gin Arg His Gin Arg Leu Tyr Ser Leu Leu Asp Arg Phe 

2050 2055 2060 

Arg Leu Ser Thr Met Gin Asp Ser Leu Ser Pro Ser' Pro Pro Val Ser 
2065 2070 2075 2080 

Ser His Pro Leu Asp Gly Asp Gly His Val Ser Leu Glu Thr Val Ser 

2085 2090 2095 

Pro Asp Lys Asp Trp Tyr Val His Leu Val Lys Ser Gin Cys Trp Thr 

2100 2105 2110 

Arg Ser Asp Ser Ala Leu Leu Glu Gly Ala Glu Leu Val Asn Arg He 

2115 2120 2125 

Pro Ala Glu Asp Met Asn Ala Phe Met Met Asn Ser Glu Phe Asn Leu 

2130 2135 2140 

Ser Leu Leu Ala Pro Cys Leu Ser Leu Gly Met Ser Glu He Ser Gly 
2145 2150 2155 2160 

Gly Gin Lys Ser Ala Leu Phe Glu Ala Ala Arg Glu Val Thr Leu Ala 

2165 2170 2175 

Arg Val Ser Gly Thr Val Gin Gin Leu Pro Ala Val His His Val Phe 

2180 2185 2190 

Gin Pro Glu Leu Pro Ala Glu Pro Ala Ala Tyr Trp Ser Lys Leu Asn 

2195 2200 2205 

Asp Leu Phe Gly Asp Ala Ala Leu Tyr Gin Ser Leu Pro Thr Leu Ala 

2210 2215 2220 

Arg Ala Leu Ala Gin Tyr Leu Val Val Val Ser Lys Leu Pro Ser His 
2225 2230 2235 2240 

Leu His Leu Pro Pro Glu Lys Glu Lys Asp He Val Lys Phe Val Val 

2245 2250 2255 

Ala Thr Leu Glu Ala Leu Ser Trp His Leu He His Glu Gin He Pro 

2260 2265 2270 

Leu Ser Leu Asp Leu Gin Ala Gly Leu Asp Cys Cys Cys Leu Ala Leu 
2275 2280 2285 
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Gin Leu Pro Gly Leu Trp Ser Val Val Ser Ser Thr Glu Phe Val Thr 

2290 2295 2300 

His Ala Cys Ser Leu lie Tyr Cya Val His Phe He Leu Glu Ala Val 
2305 2310 2315 2320 

Ala Val Gin Pro Gly Glu Gin Leu Leu Ser Pro Glu Arg Arg Thr Asn 

2325 2330 2335 

Thr Pro Lys Ala He Ser Glu Glu Glu Glu Glu Val Asp Pro Asn Thr 

2340 2345 . 2350 

Gin Asn Pro Lys Tyr He Thr Ala Ala Cys Glu Met Val Ala Glu Met 

2355 2360 2365 

Val Glu Ser Leu Gin Ser Val Leu Ala Leu Gly His Lys Arg Asn Ser 

2370 2375 2380 

Gly Val Pro Ala Phe Leu Thr Pro Leu Leu Arg Asn He He He Ser 
2385 2390 2395 2400 

Leu Ala Arg Leu Pro Leu Val Asn Ser Tyr Thr Arg Val Pro Pro Leu 

2405 2410 2415 

Val Trp Lys Leu Gly Trp Ser Pro Lys Pro Gly Gly Asp Phe Gly Thr 

2420 2425 2430 

Ala Phe Pro Glu He Pro Val Glu Phe Leu Gin Glu Lys Glu Val Phe 

2435 2440 2445 

Lys Glu Phe He Tyr Arg He Asn Thr Leu Gly Trp Thr Ser Arg Thr 

2450 2455 2460 

Gin Phe Glu Glu Thr Trp Ala Thr Leu Leu Gly Val Leu Val Thr Gin 
2465 2470 2475 2480 

Pro Leu Val Met Glu Gin Glu Glu Ser Pro Pro Glu Glu Asp Thr Glu 

2485 2490 2495 

Arg Thr Gin He Asn Val Leu Ala Val Gin Ala He Thr Ser Leu Val 

2500 2505 2510 

Leu Ser Ala Met Thr Val Pro Val Ala Gly Asn Pro Ala Val Ser Cys 

2515 2520 2525 

Leu Glu Gin Gin Pro Arg Asn Lys Pro Leu Lys Ala Leu Asp Thr Arg 

2530 2535 2540 

Phe Gly Arg Lys Leu Ser He He Arg Gly He Val Glu Gin Glu He 
2545 2550 2555 2560 

Gin Ala Met Val Ser Lys Arg Glu Asn He Ala Thr His His Leu Tyr 

2565 2570 2575 

Gin Ala Trp Asp Pro Val Pro Ser Leu Ser Pro Ala Thr Thr Gly Ala 

2580 2585 2590 

Leu He Ser His Glu Lys Leu Leu Leu Gin He Asn Pro Glu Arg Glu 

2595 2600 2605 

Leu Gly Ser Met Ser Tyr Lys Leu Gly Gin Val Ser He His Ser Val 

2610 2615 2620 

Trp Leu Gly Asn Ser He Thr Pro Leu Arg Glu Glu Glu Trp Asp Glu 
2625 2630 2635 2640 

Glu Glu Glu Glu Glu Ala Asp Ala Pro Ala Pro Ser Ser Pro Pro Thr 

2645 2650 2655 

Ser Pro Val Asn Ser Arg Lys His Arg Ala Gly Val Asp He His Ser 

2660 2665 2670 

Cys Ser Gin Phe Leu Leu Glu Leu Tyr Ser Arg Trp He Leu Pro Ser 

2675 2680 2685 

Ser Ser Ala Arg Arg Thr Pro Ala He Leu He Ser Glu Val Val Arg 

2690 2695 2700 

Ser Leu Leu Val Val Ser Asp Leu Phe Thr Glu Arg Asn Gin Phe Glu 
2705 2710 2715 2720 

Leu Met Tyr Val Thr Leu Thr Glu Leu Arg Arg Val His Pro Ser Glu 

2725 2730 2735 

Asp Glu He Leu Ala Gin Tyr Leu Val Pro Ala Thr Cys Lys Ala Ala 

2740 2745 2750 

Ala Val Leu Gly Met Asp Lys Ala Val Ala Glu Pro Val Ser Arg Leu 

2755 2760 2765 

Leu Glu Ser Thr Leu Arg Ser Ser His Leu Pro Ser Arg Val Gly Ala 
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2770 2775 2780 

Leu His Gly Val Leu Tyr Val Leu Glu Cys Asp Leu Leu Asp Asp Thr 
2785 2790 2795 2800 

Ala Lys Gin Leu lie Pro Val lie Ser Asp Tyr Leu Leu Ser Asn Leu 

2805 2810 2815 

Lys Gly He Ala His Cys Val Asn He His Ser Gin Gin His Val Leu 

2820 2825 2830 

Val Met Cys Ala Thr Ala Phe Tyr Leu He Glu Asn Tyr Pro Leu Asp 

2835 2840 2845 

Val Gly Pro Glu Phe Ser Ala Ser He He Gin Met Cys Gly Val Met 

2850 2855 2860 

Leu Ser Gly Ser Glu Glu Ser Thr Pro Ser He He Tyr His Cys Ala 
2865 2870 2875 2880 

Leu Arg Gly Leu Glu Arg Leu Leu Leu Ser Glu Gin Leu Ser Arg Leu 

2885 2890 2895 

Asp Ala Glu Ser Leu Val Lys Leu Ser Val Asp Arg Val Asn Val His 

2900 2905 2910 

Ser Pro His Arg Ala Met Ala Ala Leu Gly Leu Met Leu Thr Cys Met 

2915 2920 • 2925 

Tyr Thr Gly Lys Glu Lys Val Ser Pro Gly Arg Thr Ser Asp Pro Asn 

2930 2935 2940 

Pro Ala Ala Pro Asp Ser Glu Ser Val He Val Ala Met Glu Arg Val 
2945 2950 2955 2960 

Ser Val Leu Phe Asp Arg He Arg Lys Gly Phe Pro Cys Glu Ala Arg 

2965 2970 2975 

Val Val Ala Arg He Leu Pro Gin Phe Leu Asp Asp Phe Phe Pro Pro 

2980 2985 2990 

Gin Asp He Met Asn Lys Val He Gly Glu Phe Leu Ser Asn Gin Gin 

299^5 3000 3005 

Pro Tyr Pro Gin Phe Met Ala Thr Val Val Tyr Lys Val Phe Gin Thr 

3010 3015 3020 

Leu His Ser Thr Gly Gin Ser Ser Met Val Arg Asp Trp Val Met Leu 
3025 3030 3035 3040 

Ser Leu Ser Asn Phe Thr Gin Arg Ala Pro Val Ala Met Ala Thr Trp 

3045 3050 3055 

Ser Leu Ser Cys Phe Phe Val Ser Ala Ser Thr Ser Pro Trp Val Ala 

3060 3065 3070 

Ala He Leu Pro His Val He Ser Arg Met Gly Lys Leu Glu Gin Val 

3075 3080 3085 

Asp Val Asn Leu Phe Cys Leu Val Ala Thr Asp Phe Tyr Arg His Gin 

3090 3095 3100 

He Glu Glu Glu Leu Asp Arg Arg Ala Phe Gin Ser Val Leu Glu Val 
3105 3110 3115 3120 

Val Ala Ala Pro Gly Ser Pro Tyr His Arg Leu Leu Thr Cys Leu Arg 

3125 3130 3135 

Asn Val His Lys Val Thr Thr Cys 
3140 



<210> 3 
<2U> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 3 

ugcagcugau caucgaugug cugacccuga ggaacaguuc 40 
<210> 4 
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<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 4 

gaacuguucc ucagggucag cacaucgaug aucagcugca 40 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 6 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> synthetic construct 
<400> 6 

ugugcugacu cugaggaaca g 21 

<210> 7 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 8 

catacctcaa actgcatgat g 21 

<210> 9 
<211> 21 
<212> jysA 

<213> Artificial Sequence 

<220> 

<223> synthetic construct 



<400> 5 

tgtgctgact ctgaggaaca g 



21 



<400> 7 

cuguuccuca gagucagcac a 



21 
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<400> 9 

cauaccucaa acugcaugau g 



21 



<210> 10 

<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 

<400> 10 

caucaugcag uuugagguau g 21 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 12 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 12 

.gccugcagag ccggcggccu a 21 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<40b> 14 

acagagtttg tgacccacgc c 21 



<400> 11 

gcctgcagag ccggcggcct a 



21 



<400> 13 

uaggccgccg gcucugcagg c 



21 



<210> 15 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 15 

acagaguuug ugacccacgc c 21 

<210> 16 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> synthetic construct 



<210> 17 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 

<400> 17 

tccctcatct actgtgtgca c 21 

<210> 18 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 19 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 19 

gugcacacag uagaugaggg a 21 

<210> 20 
<211> 5 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 16 

ggcguggguc acaaacucug u 



21 



<400> 18 

ucccucaucu acugugugca c 



21 
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<400> 20 
ugugc 



5 



<210> 21 
<211> 7 
<212> DNA 

<213> Artificial Sec[ueiice 
<220> 

<223> synthetic construct 
<400> 21 

gcacauc 7 

<210> 22 
<211> 5 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> synthetic construct 



<210> 23 
<211> 7 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 

<400> 23 

ggaagag 7 

<210> 24 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 25 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> synthetic constanxct 
<400> 25 

guuccucagg gucagcacau c 21 

<210> 26 
<211> 21 
<212> DNA 



<400> 
guugc 



22 



5 



<400> 24 

ugugcugacc cugaggaaca g 



21 
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<213> Artificial Sequence 



<220> 

<223> synthetic construct 



<400> 26 

ugugcugacc cugaggaaaa g 



21 



<210> 27 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 27 

uuuccucagg gucagcacau c 21 

<210> 28 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 29 
<211> 21 
<212> DKA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 29 

guuccucagg gucagcacau c 21 

<210> 30 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<210> 31 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 

<400> 31 



<400> 28 

ugugcugacc cugaggaaaa g 



21- 



<400> 30 

gcgtaatacg actcactata ggaacagtat gtctcagaca tc 



42 
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uucgaaguau uccgcguacg u 21 

<210> 32 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 32 

gcgtaatacg actcactata ggacaagcct aattagtgat gc 42 

<210> 33 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 33 

gaacagtatg tctcagacat c 21 
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